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PREFACE. 


Volume  y,  (Geology  of  Ohio,  was  pablished  in  1884.  Although  it  contained  more 
than  1100  pages,  it  not  only  failed  to  indade  a  number  of  the  snbjeots  that  certainly 
desenre  a  place  in  a  work  treating  of  the  Economic  Geology  of  Ohio,  bat  it  also 
failed  to  provide  room  for  several  chapters  that  had  been  already  prepared.  Among 
the  latter  was  a  single  chapter  on  the  oil  and  gas  production  of  Ohio  as  developed 
at  that  time. 

In  view  of  these  facts,  Governor  Hoadly  recommended  to  the  Legislature  in 
January,  1886,  that  the  chapters  already  prepared  for  publication,  and  other  chap- 
ters to  be  prepared  on  subjects  pertaining  to  the  economic  geology  of  the  state, 
should  be  published  under  the  title,  Geology  of  Ohio,  Volume  VI.  Action  was 
taken  in  accordance  with  this  recommendation,  and  an  appropriation  of  $4,600  was 
made  for  carrying  forward  the  necessary  work.  It  was  also  ordered  that  a  small 
edition  of  the  chapter  on  Petioleum  and  Natural  Gas  should  be  published  in  ad- 
vance of  the  volume.    October  1, 1886,  was  fixed  as  the  date  of  this  publication. 

This  year  proved  to  be  the  beginning  of  by  far  the  most  remarkable  movement 
ever  experienced  in  the  geology  of  Ohio.  Surprising  developments,  in  the  way  of 
oil  and  gas  production,  from  sources  to  which  neither  geologist  nor  oil  producer 
had  ever  looked  with  any  expectation  of  large  results,  were  going  forward  in  the 
state  and  it  required  all  the  resources  of  the  Survey  to  keep  pace  with  these  devel- 
opments. Instead  of  a  single  chapter  on  oil  and  gas,  as  originally  contemplated,  the 
necessity  for  a  half  dozen  chapters  was  made  apparent,  or  in  other  words,  the 
chapter  was  expanding  to  the  proportions  of  a  volume. 

When  October  came,  the  material  in  hand  had  so  far  outrun  the  limits  of  the 
chapter  on  which  the  action  requiring  its  publication  in  advance  had  been  based, 
that  it  was  counted  best  to  withhold  it  until  January,  and  to  leave  the  disposition  of 
the  new  report  to  the  incoming  Legislature.  The  chapters  were  promptly  offered 
to  the  Legislature  and  the  recommendation  was  made  by  the  State  Geologist  that 
they  should  be  issued  at  once,  as  a  volume  of  the  Survey  Reports  exclusively  de- 
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voted  to  petroleum  and  gas.  If  the  recommendation  had  been  adopted,  this  yol- 
ome  woold  have  been  iaeued  in  1886. 

The  Legislature  finally  decided  in  May,  1886,  to  continue  the  work  of  thd  Sur- 
vey until  February,  1887,  in  the  enlargement  of  the  volume,  appropriating  $3,000 
for  thia  purpose,  and  ordering  the  State  Geologist  to  publish  meanwhile,  an  abstract 
of  his  investigations  on  petroleum  and  gas.  This  abstract  was  at  once  prepared  and 
was  published  in  July,  1886,  under  the  title,  "Preliminary  Report  on  Petroleum, and 
Infiammable  Gas  in  Ohio."  By  it  the  first  authentic  information  in  regard  to  the 
new  gas-fields  and  oil-fields  of  Northwestern  Ohio  was  made  public.  The  interest.in 
the  subject  was  wide-spread  and  the  publication  of  this  little  volume  was  therefore 
timely.  Its  facte  and  conclusions  helped  to  supply  a  somewhat  more  intelligent 
basis  for  the  exploration  that  was  going  forward  on  all  sides. 

On  February  1, 1887,  the  date  fixed  by  the  Legislature,  the  chapters  for  Volume 
VI  were  presented  for  publication,  and  on  March  11,  the  volume  was  ordered  to  be 
published,  the  necessary  appropriations  being  voted  lor  this  purpose.  The  action 
of  the  Legislature  in  ordering  the  publication  was  practically  unanimous,  only  two 
opposing  votes  being  cast  against  the  bill. 

Immediate  steps  were  taken  to  carry  out  this  action,  but  to  the  surprise  and 
regret  of  all  concerned,  it  was  found,  after  the  adjournment  of  the  Legisla- 
ture, that  by  clerical  oversight,  the  bill  had  neither  been  enrolled  nor  signed.  On 
account  of  its  imperfect  condition,  the  Auditor  of  State  refused  to  count  it  law  and 
to  place  upon  his  books  the  appropriation  which  the  Legislature  had  voted.  The 
question  was  brought  before  the  Attorney-General,  who  confirmed  the  decision  of 
the  Auditor  of  State. 

In  the  endeavor  to  avoid,  if  in  any  way  possible,  the  delay  in  publication  that 
would  thus  be  occasioned,  and  with  the  approval  of  Grovemor  Foraker,  who  counted 
it  well  that  the  question  involved  should  be  definitely  settled,  the  State  Geologist 
brought  suit  in  the  Supreme  Court  of  Ohio,  by  Hon.  George  K.  Nash,  in  the  name 
of  the  firm  who  had  contracted  to  supply  the  paper  for  publication,  to  compel  the 
Auditor  of  State  to  place  upon  his  books  the  appropriation  which  the  Legislature 
had,  as  all  agreed,  designed  to  make.  TheO?*:>  renounced  an  elaborate  opinion 
through  Justice  Spear,  sustaining  the  position  of  the  Auditor  of  State  and  Attorney- 
General. 

The  contractors  for^the  state  printing  and  also  the  firm  to  which  the  contract 
for  supplying  the  paper  for  the  volume  had  been  let,  agreed,  however,  to  go  on  with 
their  respective  parts  of  the  work,  relying  upon  the  next  Legislature  to  make  good 
their  outlays.  The  State  Geologist  supplied  copy,  and  thus  the  volume  was  substan 
tially  ready  for  publication  January  1,  1888.    Governor  Foraker  called  attention 
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in  hiB  annoal  meflsage  to  the  facts  already  stated,  and  reoommended  a  re-enactment 
of  the  legislation  of  last  winter  that  had  been  found  defective.  This  action  was 
promptly  taken  and  the  long-delayed  volame,  considerable  portions  of  which  have 
been  twice  rewritten,  at  length  sees  the  light. 

The  balk  of  the  volume  is  devoted  to  the  subjects  of  oil  and  gas,  as  is  proper, 
in  view  of  the  recent  astonishing  developments  in  Ohio.  Fortunately  for  the  author, 
there  was,  in  the  latter  part  of  1887,  a  little  lull  in  the  storm  of  exploration  that 
has  raged  in  the  state  for  the  last  four  years.  Of  this  he  has  gladly  availed  himself 
in  getting  his  record  into  print  The  statements  of  the  volume  are  thus  a  little 
nearer  to  the  present  conditions  of  the  field  than  they  could  have  been  if  pub- 
lished at  any  other  time  within  the  period  above  named,  but  it  does  not  require 
a  very  careful  reading  to  find  in  the  text  the  traces  of  frequent  revision.  More 
than  this,  the  conclusions  which  larger  experience  has  given  will  be  found  side 
by  side,  to  some  extent,  with  the  earlier  generalizations  from  a  smaller  and  less 
important  line  of  facts.  In  spite  of  all  the  unpaid  labor  that  has  been  expended  in 
this  revision  and  extensiou  of  the  report,  there  are  still  some  sections  of  the  field  to 
which  scant  justice  has  been  done. 

If  the  volume  could  be  written  as  a  whole  with  present  knowledge,  it  is  certain 
that  the  emphasis  with  which  some  of  the  facts  are  stated  and  the  inferences  drawn 
from  them  would  vary  in  many  points  from  the  inferences  and  emphasis  which  now 
obtain.  Such  results  are  to  be  expected,  however,  as  long  as  continued  study  is 
given  to  such  subjects  as  these. 

Something  has  been  learned  in  regard  to  the  geology  of  petroleum  and  in- 
flammable gas  from  the  study  of  the  new  fields  in  Ohio,  but  a  great  deal  more  re- 
mains to  be  learned.  There  are  few,  questions  pertaining  to  the  subject  to  which 
full  and  final  answers  can  now  be  given,  but  the  facts  relating  to  Trenton  limestone 
oil  and  gas  that  are  here  presented,  are  sure  to  be  recognized  by  all  studentii  in 
this  department  of  geological  science  as  of  great  significance  land  importance.  The 
new  Ohio  field  is  destined  to  become  classical  ground  in  such  study. 

In  the  legislation  ordering  the  present  volume,  it  was  required  that  the  coal 
fields  of  the  state  which  were  not  treated  of  in  Volume  V,  should  be  here  described. 
This  work  was  undertaken,  and  excellent  chapters  will  be  found  on  the  Pittsburgh 
coal  in  Eastern  Ohio  and  in  the  Pomeroy  field,  by  Messrs.  Brown  and  Lovejoy  re- 
spectively. Reliable  maps  of  the  coal  areas  accompany  these  chapters.  One 
important  section  of  the  first  named  field  was  omitted  in  this  review,  from 
want  of  time  in  1886,  and  from  want  of  funds  in  1887.  Reference  is  made  to 
Harrison  countv.    It  is  a  matter  of  sincere  revret  that  it  ban  bAAn  found  necessary  to 
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do  such  injastice  to  its  fine  body  of  coal  lands  as  to  leave  them  without  mentioii  or 
mapping  in  the  present  volmne. 

Another  omission  to  fally  comply  with  the  law  providing  for  publication  must 
be  acknowledged.  A  chapter  was  to  be  prepared  on  the  composition,  strength  and 
durability  of  Ohio  building  stones.  In  its  preparation,  a  good  deal  of  time  has  been 
spent,  and  the  facts  accumulated  would  have  been  found  to  possess  both  scientific 
interest  and  practical  value,  but  unfortunately,  the  data  obtained  have  been  mislaid 
or  lost,  and  time  has  not  been  found  to  repeat  the  observations  and  tests.  A  large 
part  of  the  work  had  been  done  on  the  Berea  Grit 

In  recording  the  great  number  of  facts  that  it  has  been  attempted  to  incorporate 
in  this  volume,  it  can  scarcely  be  otherwise  than  that  errors  of  statement  will  occur. 
It  can  be  truly  said  in  eztonuation  of  such  inaccuracies,  that  pains  have  not  been 
spared  in  gathering  the  facts.  It  must  be  remembered  that  the  sources  of  such  in- 
formation are  varied  and  unequal  in  value,  and  that  exactness  is  not  always  at- 
tainable. 

To  the  companies  that  have  been  formed  in  so  many  of  the  towns  of  Ohio  to 
explore  the  underlying  rocks  for  gas  and  oil  or  to  utilise  the  same  when  found,  to 
the  contractors  and  drillers  who  have  done  the  practical  work  of  exploration  and 
exploitation,  and  to  a  great  body  of  intelligent  observers  beside,  the  Geological  Sur- 
vey is  greatly  indebted.  Information  of  great  value  has  been  freely  given  by  all, 
and  few  attempts  to  mislead  or  deceive  have  been  detected. 

A  half  dosen  persons  have  been  so  painstaking  in  supplying  the  accumulating 
facts  from  their  several  fields,  that  it  would  be  wrong  to  leave  them  without  special 
acknowledgments,  although  such  mention  may  seem  almost  invidious  in  the  presence 
of  the  great  number  whose  services  are  scarcely  less. 

Reference  is  made  to  Hon.  L.  G.  Sawyer,  of  St  Mary's ;  Hon.  George  0.  Phelps, 
of  Bowling  Green;  Gapt  George  P.  Waldorf,  of  lima;  Milton  Taylor,  of  Toledo, 
and  David  A.  Wolfi*,  of  Bryan ;  Dr.  J.  A.  Rogers,  of  Kenton. 

The  chemical  work  of  the  volume  constitutes  one  of  its  most  interesting  and  im- 
portant features.  In  no  other  state  of  the  Union  has  the  chemical  composition 
of  the  several  strata  been  worked  out  as  extensively  as  in  Ohio. 

Special  acknowledgments  are  also  due  to  the  officers  of  various  railroad  lines 
who  have  contributed  greatly  to  the  success  of  the  field-work  that  underlies  this 
volume,  by  giving  free  transportotion  for  all  or  portions  of  the  time  to  the  officers  of 
the  Survey.  The  appropriations  by  the  Legislature  have  been  small,  and  it  would 
have  been  impossible  to  do  what  hajs  been  done  in  the  accumulation  of  facts,  without 
the  asBistance  afforded  in  the  way  here  indicated. 
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GEOLOGY  OF  OHIO. 


OH-A^I^TER  I. 

THE  GEOLOGY   OP  OHIO,  CONSIDERED  IN   ITS  RELATIONS 
TO  PETROLEUM  AND  NATURAL  GAS. 


By  Edwabd  Obton. 


The  subjects  to  be  discussed  in  this  and  the  four  succeeding  chapters 
are  of  large  and  increasing  interest  to  the  people  of  the  state  at  the 
present  time.  The  recently  acquired  importance  of  natural  gas  in 
western  Pennsylvania,  and  in  northwestern  Ohio,  in  particular,  has 
led  to  earnest  inquiry  and  in  many  cases  to  expensive  search  for  this 
admirable  fuel  in  various  districts  of  Ohio,  and  this  search  is  certain  to 
be  extended  until  every  county  in  the  state  not  only,  but  every  city  and 
enterprising  village  as  well  has  made  its  test. 

Inasmuch  as  the  utilization  of  both  petroleum  and  gas  on  the  large 
scale  is  of  quite  recent  date,  the  geological  facts  pertaining  to  their  dis* 
tribution  and  accumulation,  to  say  nothing  of  their  modes  of  origin,  are 
still  but  imperfectly  known,  and  consequently  the  geological  theories 
concerning  these  subjects  are  still  incomplete  and  inadequate.  These 
facts  are,  however,  rapidly  accumulating,  and  the  generalizations  based 
upon  them  are  consequently  becoming  more  trustworthy  as  guides  in 
the  work  of  practical  development. 

It  is  to  the  well-driller's  art  that  we  owe  the  acquisition  of  these 
new  sources  of  power.  The  drilling  of  deep  wells  has  long  been  carried 
on  in  various  portions  of  the  world ;  in  some  countries  it  has  been  prac- 
ticed for  many  hundred  years.  The  mode  of  drilling  now  in  use  in  this 
country,  however,  owes  nothing  whatever  to  this  varied  foreign  expe- 
rience, but  the  art  is,  in  all  respects,  a  native  one.  The  steps  of  its 
evolution  are  all  on  record  and  none  of  them  dates  beyond  the  early^ 
years  of  the  present  century. 
1  G. 
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American  practice  in  this  field  iR  immersely  in  advance  of  all  other, 
and  in  fact  this  business  has  become  with  xx»  almost  a  distinct  branch 
of  mechanical  engineering.  Years  of  experience  are  required  to  gain  a 
full  knowledge  of  it,  and  those  who  attain  such  knowledge  command 
the  consideration  and  pay  of  other  mechanical  experts. 

Rock-boring  in  this  country,  or  at  least  the  drilling  that  has  led  di- 
rectly to  our  present  practice,  was  begun  in  1806,  in  the  Kanawha  Val- 
leyi  by  the  Ruffner  brothers,  who  were  searching  for  salt  water  strong 
enough  and  abundant  enough  to  warrant  the  establishment  of  salt  fur- 
naces at  the  points  where  the  drilling  was  don«.  Their  search  was 
successful,  and  well-drilling  has  gone  on  uninterruptedly  from  that  date 
to  the  present  time  in  this  and  in  adjoining  regions,  and  it  is  here  that 
all  of  the  most  distinctive  and  characteristic  features  of  the  American 
system  of  deep  drilling  have  originated.  To  the  Kanawha  Valley  we 
owe  the  '' casing"  of  wells^  whereby  surface  waters  are  excluded,  the 
''seed-bag,"  or  packer,  by  means  of  which  the  contents  of  deep-lying 
strata  are  separated  from  the  contents  of  all  overlying  strata  at  pleasure, 
the  ''jars"  or ''  slips"  which  make  one  of  the  most  indispensable  elements 
of  the  driller^s  outfit.  An  admirable  account  of  the  successive  steps  in 
the  development  of  well-drilling  tools  and  machinery  was  furnished  by 
Dr.  John  P.  Hale,  of  Charleston,  West  Virginia,  for  Professor  M.  P. 
Maury's  centennial  account  of  the  resources  of  West  Virginia,  This 
account  is  copied  in  Professor  Peckham's  report  on  Petroleum,  which 
appears  in  volume  X  of  the  United  States  Census  Reports,  Washington, 
D.  C,  1884. 

Another  account  of  almost  equal  value  is  to  bo  found  in  Dr.  S.  P. 
Hildreth's  '' Observations  on  the  Bituminous  Coal  Deposits  of  the  Val- 
ley of  the  Ohio  and  the  accompanying  Rock  Strata,"  etc.,  which  appeared 
in  the  American  Journal  of  Science  in  1836. 

It  was  this  Kanawha  Valley  system  of  rock-drilling,  improved  and 
expanded  by  fifty  years  of  experience,  mainly  in  the  salt  wells  of  the 
Ohio  Valley,  that  the  oil-well-driller  found  at  his  command  when  the 
petroleum  excitement  of  1858  broke  out  in  western  Pennsylvania.  Un- 
der the  stimulus  of  this  extraordinary  demand,  the  efficiency  of  the 
drilling  tools  has  been  greatly  increased  and  the  character  of  the  driller's 
outfit  greatly  improved  since  this  date,  but  only  one  important  addition 
has  been  made  to  the  system  itself,  by  all  of  the  extended  experience  of 
the  oil  regions.  The  addition  referred  to  consists  in  the  use  of  torpedoes, 
lowered  into  the  wells  to  the  depth  of  the  oil  or  gas-producing  stratum 
and  there  exploded.  By  this  means  the  production  of  deep  wells  is  often 
greatly  increased.  In  many  districts  a  well  is  not  considered  finished 
until  it  is  torpedoed  or  ^'shot,"  to  use  the  driller's  term. 
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These  new  facilities  for  underground  exploration  have  been  very 
widely  used  within  the  last  few  years,  and  from  them  we  have  learned 
a  great  number  of  geological  facts — some  of  them  of  extreme  interest 
and  importance.  Among  other  things,  we  have  learned  that  petroleum 
and  inflammable  gas  are  almost  universally  distributed  throughout  the 
stratified  rocks  of  this  part  of  the  world.  The  drill  very  seldom  descends 
for  even  a  few  hundred  feet  through  any  portion  of  our  various  rock-for- 
mations without  disclosing  their  presence.  To  find  them  *4n  paying 
quantity"  is,  of  course,  the  rare  exception,  but  small  amounts  of  one  or 
both  are  rarely  if  ever  missed,  whether  the  drill  descends  through  sand- 
stone, shale  or  limestone  of  Carboniferous,  Sub-carboniferous,  Devonian, 
Upper  Silurian  or  Lower  Silurian  age,  or  even  through  heavy  beds  of 
bowlder  clay. 

It  thus  appears  that  a  review  of  the  several  sources  of  petroleum 
and  gas  in  the  Ohio  geological  scale,  for  example,  would  necessitate  a 
review  of  this  scale  itself.  In  fact,  no  description  of  the  occurrence  of 
these  substances  in  our  strata  can  be  made  fully  intelligible  unless  the 
geological  order  is  held  firmly  and  distinctly  in  mind.  A  brief  review 
of  the  scale  of  the  state  will  accordingly  be  furnished  at  this  point. 

A.    The  Geological  Scale  of  Ohio. 

The  geological  scale  of  Ohio  comprises  strata  of  Lower  Silurian, 
Upper  Silurian,  Devonian,  Sub-carboniferous  and  Carboniferous  age, 
and  also  a  series  of  glacial  deposits.  The  principal  divisions  are  shown 
in  the  following  table.  The  thickness  that  is  assigned  to  each  of  the 
elements  is  not  necessarily  the  average  thickness  of  the  various  ex- 
posures. In  Eome  cases,  the  general  measure  is  given;  in  others,  it  is 
counted  better  to  indicate  the  thickness  of  some  of  the  more  character- 
istic exposures.  In  the  text,  the  limits  of  each  formation  will  be  more 
definitely  given : 


18.  Glacial  drift 0  to  650  feet. 

17.  Upper  Barren  Coal  Meaanres 600    " 

16.  Upper  Productive  Coal  Measures 200    " 

15.  Lower  Barren  Coal  Measures 500    " 

14.  Lower  Productive  Coal  Measures 260    ** 

18.  Conglomerate  Group 250    " 

12.    Sub-carboniferouB  limestone,  Maxville,  Newton ville,  etc  26 

'  lie  Logan  Group, 0-360^ 
lid  Cuyahoga 

Shale,  16(M60 
lie  Berea  Shale,  20-  60 
lib  Berea  Grit,  8  to  160 
11a  Bedford 

Shale,  50-150  J 


11.    Waverly  Group 
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{10c  Cleveland  Shale) 
10b  Erie  Shale ^260  to  8,000  ft 
10a  Hnron  Shale....  j 

9.    Hamilton  Shale  (Olentangy  Shale  ?) » 

8.    Devonian  Limestone,  Upper  Helderberg  or  Gorniterona, 
including  West  Jefferson  sandstone 

7.  Lower  Helderberg  limestone  or  Waterlime,  including 

Sylvania  sandstone,  60  to  600  ft 600 

:  6d  Hillsboro'  sandstone 80 

6c  Guelph  or  Cedarville  limestone, 

60-200 160 

6b  Niagara  limestone 60 

6a  Niagara  Shale,  including  Dayton 

limestone,  5  to  100 100 

6.    Clinton  Group,  in  outcrop,  20  to  76  ft;  under  cover,  76 

to  160 60 

4.    Medina  Shale,  in  outcrop,  26^;  under  cover,  60  to  150...  75 

8.  Hudson  River  Group,  800'  to  750^ 760 

2.    Utica  Shale,  not  seen  in  outcrop,  but  800  ft.  thick  un- 
der cover  in  Northern  Ohio 300 

1.    Trenton  limestone,  seen  only  in  Pt  Pleasant  quarries...  60 


800    "      • 

s 

26    " 

'  o 

> 

76    " 

($ 

6.    Niagara  Group 
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The  geological  order  above  described  is  further  represented  in  the 
accompanying  diagram,  figure  I.  A  brief  review  of  each  of  these  di- 
visions will  next  be  made. 

1.    The  Trenton  Limestone. 

The  Trenton  limestone  is  one  of  the  most  important  of  the  older 
formations  of  the  continent.  It  is  the  first  wide-spread  limestone  of  the 
general  scale.  It  extends  from  New  England  to  the  Rocky  Mountains, 
and  from  the  islands  north  of  Hudson's  Bay  to  the  southern  extremity 
of  the  Alleghany  Mountains  in  Alabama  and  Tennessee.  Throughout 
this  vast  region  it  is  found  exposed  in  innumerable  outcrops.  It  gives 
rise  as  it  decays  to  limestone  soils  which  are  sometimes  of  remarkable 
fertility,  as  for  example,  those  of  the  famous  Blue  Grass  region  of 
central  Kentucky,  which  are  derived  from  it.  It  is  worked  for  building 
stone  in  hundreds  of  quarries,  and  it  is  also  burned  into  lime  and  broken 
into  road  metal  on  a  large  scale  throughout  the  regions  where  it  occurs, 
but  wide-spread  as  are  its  exposures  in  outcrop,  it  has  a  still  wider 
extension  under  cover.  It  is  known  to  make  the  floor  of  entire  states 
in  which  it  does  not  reach  the  surface  at  a  single  point* 

It  takes  its  name  from  a  picturesque  and  well-known  locality  in 
Trenton  township,  Oneida  county.  New  York.  The  West  Canada  Creek 
makes  a  rapid  descent  in  this  township  from  the  Adirondack  uplands 
to  the  Mohawk  Valley,  falling  300  feet  in  two  miles  by  a  series  of  cas- 
cades. These  cascades  have  long  been  known  as  Trenton  Falls,  and  the 
limestone  which  forms  them  was  appropriately  named  by  the  New  York 
geologists,  the  Trenton  limestone.    The  formation,  as  seen  at  the  original 


VERTICAL   SECTIDN 
DF  THE   RDCKS   DF   DHID. 


SYSTEM 


CO 

3 
O 

m 

UJ 

1 
O 
ffi 

< 
o 


J. 

UJ 

o 


09 


z 
< 

UJ 

* 

O 


rr 

18 


S£RIE5. 


17  UPPER  BARREN  COAL  MEASURES 


GLACIAL  DRIFT 
a-S6o 


UPPER  PRODUCTIVE  COAL  MEASURES     «, 


er 


"II- 


10 


LOWER  BARREN  COAL  MEASURES 


LOWER  PRODUCTIVE  COAL  MEASURES 


CONGLOMERATE  SERIES 


SUBOAFTBON I  FERGUS   LiMESTONi 
ire  LOGAN  GROUP 


WAVERLV 


I  ID  CUYAHOGA  8HAUE 

HO  BEREA  aHALE 

riQ  BEREA  dRIT 

ITA  BEDFORD  SHALE 


'SHALE 

^BANDarONE 

lOONQLOMCRATi 


OHIO  SHALE 
3oo— 26oo 


9  I  HAMILTON  SHALE 

a  I  DEVONIAN  UMESTONES 


[  iOo  CLEVELAND  SHALE 


\0b  ERIE  SHALE 
IOa  HURON  SHALE 


Mn§_ 


k 


LOWER  H  ELDER  BERG  LIMESTONE 

Bo— 000 

reo  H1LL8BORO  8AND8TON1 
I  60  QUELPH  LIMESTONE 
NIAGARA  SERiE&f 

,  6b  NIAGARA  LIMESTONE 

CLINTON  Series!  sa  hiaoara  sHALt.  oatton  uhg 
MEPINA.Shales ^ ^___ 


'4iw 


'  aoo 


HUDSON  RIVER  SERfES 
6oo— loSo 


UTICA  SHALES 
0-300 

TRENTON  LIMESTONE 


irifHfllPrjflTE         -    -- 


loca 
qui 
bl& 
tei 
8tr 
fa 
^: 
til 
T 

a 

I 
I 


PETROLEUM  AND  NATURAL   GAS.  6 

locality,  is  found  to  be  a  dark-blue,  almost  black  limestone,  lying  in 
quite  massive  and  even  beds,  which  are  often  separated  by  layers  of 
black  shale.  Both  limestone  and  shule  contain  excellently  preserved 
fossils  of  Lower  Silurian  age.  By  means  of  these  fossils,  and  also  by  its 
stratigraphioal  order,  the  limestone  is  followed  with  perfect  distinctness 
from  Trenton  Falls  to  every  point  of  the  compass.  It  is  changed  to 
some  extent,  in  color  and  composition  as  it  is  traced  in  different  direc- 
tions, but  there  is  seldom  a  question  possible  as  to  its  identity.  The 
Trenton  limestone  forms  several  of  the  largest  islands  in  whole  or  in 
part  in  the  northern  portion  of  Lake  Huron,  as  the  Manitoulin  Islands 
and  Drummond's  Island.  It  dips  from  this  region  to  the  southward, 
but  it  is  found  rising  again  in  outcrop  in  the  valley  of  the  Kentucky 
river.  Its  presence  underneath  the  entire  states  of  Ohio  and  Michigan, 
and  especially  under  western  Ohio,  has  always  been  inferred,  since  the 
geology  of  these  states  was  first  worked  out.  But  the  claim  now  and 
here  to  be  made,  viz.,  that  the  Trenton  limestone  rises  to  the  surface 
within  the  limits  of  Ohio,  appears  for  the  first  time  on  this  page  in  the 
publications  of  the  Geological  Survey.  It  was  shown  in  Volume  I, 
Geology  of  Ohio,  page  370,  that  the  lowest  rocks  of  the  state  that  appear 
at  the  surface  are  to  be  found  in  the  quarries  of  Point  Pleasant,  which 
are  located  in  Clermont  county,  about  twenty  miles  above  Cincinnati. 
These  lowest  rocks  have  received  the  name  by  which  they  are  dis- 
tinguished from  this  locality.  A  thickness  of  fifty  feet  was  claimed  for 
the  Point  Pleasant  beds,  and  they  were  referred  on  what  seemed  good 
ground  to  the  Cincinnati  group.  At  a  later  day  the  claim  was  made  by 
^Mr.  8.  A.  Miller,  in  a  paper  read  before  the  Natural  History  Society, 
that  the  Point  Pleasant  rocks  were  in  reality  the  Trenton  limestone 
rocks  of  Kentucky,  rising  to  day  at  this  sole  point  in  Ohio.  The  claim 
was  afterwards  repeated  by  Mr.  W.  M.  Linney,  of  the  Kentucky  Geo- 
logical Survey.  But  no  occasion  for  revising  the  geological  column  of 
Ohio,  since  its  first  publication,  has  arisen  until  now. 

It  may  seem  surprising  that  the  discovery  of  unquestioned  Trenton 
limestone  in  Ohio  should  be  made  in  the  northern  portion  of  the  state, 
where  the  stratum  lies  buried  1,000  to  2,000  feet  below  the  surface,  and 
that  by  following  this  stratum  southward,  by  means  of  the  numerous 
well-records  lately  made  available,  it  should  at  last  be  found  rising 
to  day  in  the  quarries  of  Point  Pleasant,  confirming  the  identifications 
of  the  rock  as  quoted  above,  but  this  surprise  will  disappear  when  the 
new  section  is  understood.  It  is  the  presence  of  the  Utica  shale  to  the 
northward,  in  its  most  characteristic  form,  that  enables  us  positively  to 
identify  the  Trenton  limestone  there,  and  it  is  the  disappearance  of  the 
same  shale  cover  in  the  Ohio  Valley  that  has  left  us  hitherto  uncertain 
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as  to  the  upper  boundaries  of  the  Trenton  limestone  in  this  region. 
The  facts  bearing  on  this  identification  will  be  found  on  later  pages  of 
this  report,  but  for  the  present  it  is  sufficient  to  state  that  there  is  good 
reason  to  accept  the  identification  first  made  hj  8.  A.  Miller,  Esq.,  of 
the  Point  Pleasant  rocks,  as  Trenton  limestone.  This  famous  stratum 
thus  becomes  the  foundation  of  the  Ohio  geological  column,  although  it 
has  but  a  single  outcrop  in  the  state. 

The  character  of  the  rock  found  at  Point  Pleasant  is  briefly  described 
in  the  chapter  of  Volume  I,  Geology  of  Ohio,  already  quoted.  The  lime- 
stone is  a  light  or  grayish  blue  limestone,  quite  crystalline  in  structure, 
massive  in  its  bedding,  and  fossiliferous.  The  solid  courses  are  inter- 
rupted to  some  extent  by  thinner  beds  of  srale.  It  breaks  under  the 
drill  into  thin  flakes  Tather  than  into  cubical  grains.  The  analysis  of  a 
single  sample  of  the  Point  Pleasant  limestone  is  as  follows :  (No.  1). 
The  analysis  of  the  same  stratum  taken  from  800  feet  below  the  surface 
at  Cincinnati  is  appended,  (No.  2),  as  is  also  the  analysis  of  the 
stratum  as  found  at  Hamilton  at  the  depth  of  550  feet.    (No.  8). 


Garbonateof  lime 

Carbonate  of  magnepia 

Silidous  matter 

Alamina  and  iron 


79.80 
0.91 

12.00 
7.00 


78.70 
1.98 

12.95 
6.04 


84.70 
1.50 

12.00 
1.60 


The  limestone  is  seen  to  be  in  this  analysis  impure  and  of  a 
character  that  by  its  decay  would  leave  a  large  residue  to  the  forming 
soil.  In  some  parts  of  northwestern  Ohio,  the  Trenton  limestone  is  a 
magnesian  limestone  of  a  high  degree  of  purity.  Its  composition,  as 
seen  in  the  ga»  rock  of  Findlay  and  the  oil  rock  of  Lima,  is  herewith 
appended : 

Trenton  limestone  at  Findlay,  1,096  feet  below  surface,  1. 
"  "  lima,  1,247  "  «  2. 

^  *'  Bowling  Green,  1,092  feet  below  surface,  8. 
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The  Galena  division  of  the  Trenton  limestone  of  Illinois  and  Wis- 
consin is  a  dolomite,  like  the  oil  rock  of  Northwestern  Ohio.  In  Ken- 
tucky, the  Trenton  limestone  has  a  moderate  percentage  of  magnesia  in 
its  composition.  In  New  York  it  is  higher  in  carbonate  of  lime,  and 
contains  comparatively  little  magnesia.  This  whole  subject  of  the 
chemical  composition  of  the  Trenton  limestone  will  be  more  fully  dis- 
cussed on  a  later  page. 

While  the  Trenton  limestone  in  its  uppermost  beds  is  thus  seen  to 
make  the  lowest  rocks  that  rise  to  the  surface  in  Ohio,  it  is  still  true 
that  the  drill  is  revealing  to  us  the  composition  of  the  underlying  series 
for  man>  hundred  feet  below  it.  The  thickness  of  the  Trenton  lime- 
stone proper  can  only  be  judged  by  a  study  of  the  formation  as  it  ap- 
pears in  outcrop  to  the  southward.  Mr.  W.  M;  Linney,  of  the  Kentucky 
Geological  Survey,  in  a  paper  on  the  rocks  of  central  Kentucky  pub- 
lished .  in  1882,  gives  the  thickness  of  the  Trenton  limestone  in  Ken- 
tucky as  176  feet.  The  Bird's-eye  limestone  which  directly  underlies  it, 
he  finds  to  be  130  feet  in  thickness,  and  the  Chazy  next  below  300  feet 
in  thickness ;  the  entire  series  being  thus  about  600  feet  in  thickness. 
It  is  altogether  probable  that  these  three  limestones  constitute  the  solid 
mass  which  the  drill  has  so  often  penetrated  in  Ohio  within  the  last 
year  or  two  to  a  depth  five  or  six  hundred  feet.  The  formations  which 
the  geologist  separates  when  they  rise  to  the  surface  are  counted  by  the 
driller  as  a  single  limestone,  for  which  he  needs  no  other  name  than 
Trenton.  The  several  divisions,  however,  are  found  to  vary  considerably 
in  grain,  in  color,  and  in  chemical  composition.  Below  this  great  lime- 
stone a  sandstone  more  or  less  calcareous  is  reported  in  most  of  our  deep 
wells.  This  is  on  the  horizon  of  the  Saint  Peter's  sandstone  of  the 
northwest  and  very  likely  deserves  to  be  called  by  this  name.  It  is 
forty  to  sixty  feet  thick,  as  generally  found,  and  is  charged  with  the  rank 
salt  and  sulphur  water  which  is  known  as  Blue  Lick  water,  though 
water  of  the  same  grade  is  sometimes  found  in  or  between  the  lime- 
stones above  named.  Still  deeper,  impure  magnesian  limestones  again 
occur  that  may  probably  be  referred  to  the  Calciferous  period.  The  facts 
pertaining  to  these  portions  of  our  series  will  be  brought  out  in  connec- 
tion with  the  accounts  of  these  deep  wells  to  be  subsequently  given. 

2.    The  Utioa  Shalb. 

The  immediate  cover  of  the  Trenton  limestone  from  which  it  de- 
rives its  name  is  a  well-known  stratum  of  black  shale  300  feet  in  thick- 
ness, which,  from  its  abundant  outcrops  in  the  vicinity  of  Utica,  received 
from  the  New  York  geologists  the  name  of  Utica  shale. 
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This  stratum  has  proved  to  be  very  persistent  and  wide-spread.  It 
is  sparingly  fossiliferous,  but  several  of  the  iorms  that  it  contains  are 
characteristic,  that  is,  they  have  thus  far  been  found  in  no  other  stratum. 
The  first  of  the  deep  wells  that  was  drilled  in  1884  in  Findlay  revealed 
id^fixxT  surprise,  at  a  depth  of  800  feet,  a  stratum  of  black  shale  containing 
the  most  characteristic  fossil  of  the  Utica  shale,  viz.,  Leptcbolus  insignis^ 
fiall,  and  it  was  thus  positively  identified  with  the  last-named  forma- 
tion. This  bed  of  shale  has  the  normal  thickness  of  the  Utica  shale  in 
New  York,  viz.,  800  feet,  and  with  the  other  elements  involved,  it  ex- 
tended and  continued  the  New  York  series  into  northern  Ohio  in  a  most 
unexpected,  and  at  the  same  time,  in  a  most  satisfactory  way. 

The  Utica  shale,  thus  discovered  and  defined,  is  a  constant  element 
in  the  deep  wells  of  north-western  Ohio.  Its  upper  boundary  is  not 
always  distinct,  as  the  Hudson  River  shale  that  overlies  it  sometimes 
graduates  into  it  in  color  and  appearance ;  but  as  a  rule  the  driller, 
without  any  geological  prepossessions  whatever,  will  divide  the  well 
section  in  his  record  so  as  to  show  about  300  feet  of  black  shale  at  the 
bottom  of  the  column  or  immediately  overlying  the  Trenton  limestone. 
This  stratum  holds  its  own  as  far  as  the  southern  central  counties.  In 
the  wells  of  Springfield,  Urbana  and  Piqua,  it  is  found  in  undiminished 
thickness,  but  apparently  somewhat  more  calareous  in  composition. 
From  these  points  southward,  the  black  shale  thins  rapidly.  It  is  ap- 
parently replaced  by  dark-colored  limestone  bands  known  as  pepper 
and  salt  rock  by  the  driller.  No  great  falling  off  in  black  shale  appears 
in  the  Dayton  well,  but  at  Middletown  the  driller  reported  a  sharp 
boundary  between  gray  shale  310  feet  thick,  and  black  shale  100  feet 
thick — the  latter  directly  overlying  the  Trenton  limestone.  At  Hamil- 
ton the  same  driller  reported  the  boundary  still  distinct,  but  the  black 
shale  was  here  reduced  to  37  feet,  according  to  his  record. 

From  these  and  similar  facts  it  appears  that  the  Utica  shale  is  much 
reduced  and  altered  as  it  approaches  the  Ohio  Valley,  and  is  finally  lost 
by  overlap  of  the  Hudson  River  shale  in  this  portion  of  the  state  and  to 
the  southward.  Considerable  discussion  has  been  indulged  in  over  the 
question,  what  part  of  the  series  exposed  at  Cincinnati  and  its  vicinity 
is  the  Utica  shale  ? 

The  answers  have  all  agreed  thus  far  at  least,  that  if  any  part  is  to 
be  counted  Utica,  the  60  to  100  feet  of  greenish  blue  shale  overlying  the 
Point  Pleasant  or  Trenton  limestone  must  be  so  considered.  In  this 
division,  certain  fossils  dccur  that  are  also  found  in  the  Utica  shale  of 
New  York,  but  that  are  not  characteristic  of  it  in  the  sense  of  being 
limited  to  it.  Of  these  fossils  the  trilobite  Thiarthrus  Beckii  is  an  ex- 
ample.   It  is  found  in  the  Trenton,  Utica  and  Hudson  River  formations 
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of  New  York,  though  most  abundantly  in  the  Utica.  Certain  new 
species  of  shells  belonging  to  the  genus  Leptcbolua,  which  contains  the 
most  characteristic  Utica  forms,  are  also  found  in  the  lower  beds  at  Cin- 
cinnati. But  associated  with  these  semi-characteristic  fossils  were 
many  of  the  ordinary  fossils  of  the  Hudson  River  series.  Until  the  new 
facts  from  northern  Ohio  came  to  light  the  arguments  for  recognizing 
the  beds  in  question  as  Utica  shale,  were  fairly  strong,  but  at  present  it 
does  not  seem  probable  that  these  greenish  blue  shales  were  formed  con- 
temporaneously with  the  black  Utica  shale  of  northern  Ohio.  The  Cin- 
cinnati axis  was  already  begun,  and  by  its  advancing  border  in  southern 
Ohio  the  growth  of  the  Utica  shale  was  checked  in  this  direction^  and 
the  record  became  defective  in  the  Ohio  Valley  by  the  more  or  less  com- 
plete exclusion  of  this  element  from  the  scale.  The  discussion  of  these 
questions  will  be  taken  up  more  fully  in  the  account  to  be  given  of  the 
Cincinnati  wells. 

8.    The  Hudson  River  Group. 

The  very  important  and  interesting  series  now  to  be  described 
appears  in  all  the  previous  reports  of  the  Geological  Survey  under 
another  name,  viz.,  the  Cincinnati  group.  It  is  unnecessary  to  review 
here  the  long  discussions  pertaining  to  the  age  of  this  series,  or  the 
grounds  on  which  the  changes  in  the  name  by  which  it  is  known  have 
been  based.  The  return  to  the  older  name  here  proposed,  is  necessitated 
by  the  discoveries  recently  made  in  our  underground  geology,  to  which 
reference  has  already  been  made.  So  long  as  the  Utica  shale  was  held 
to  be  included  in  the  section  at  Cincinnati  but  without  distinct  or 
recognizable  boundary,  so  long  could  the  maintainance  of  the  name 
Cincinnati  group  be  justified.  It  was  held  to  cover  two  divisions  of 
geological  history  which  were  practically  inseparable,  and  therefore  the 
name  of  either  would  be  inapplicable  to  the  compound  series ;  but  since 
it  has  been  demonstrated  or  at  least  made  highly  probable,  that  the 
Utica  shale  forms  either  no  part,  or  but  a  very  small  part,  of  the  section 
at  or  near  Cincinnati,  there  is  no  longer  any  reason  for  continuing  the 
name  Cincinnati  group.  It  becomes  a  synonym  and  must  be  rejected 
as  unnecessary  and  indefensible. 

The  Hudson  River  group  in  southwestern  Ohio  consists  of  alternat- 
ing beds  of  limestone  and  shale,  the  latter  of  which  is  commonly  known 
as  blue  clay.  The  proportion  of  lime  and  shale  vary  greatly  in  different 
parts  of  the  series.  The  largest  percentage  of  shale  occurs  in  the  250 
feet  of  the  series  that  begin  50  or  75  feet  above  low  water  at  Cincinnati. 
The  entire  thickness  of  the  series  in  southwestern  Ohio  is  about  750  feet. 
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The  division  of  the  series  into  lower  and  upper  is  natural  and  service- 
able. The  lower  is  known  as  the  Cincinnati  division  and  the  upper  as 
the  Lebanon  division.  The  Cincinnati  division  has  a  thickness  of  426 
to  450  feet,  and  the  Lebanon  division  a  thickness  of  about  300  feet.  The 
divisions  are  separated  on  both  paleontological  and  strati  graphical 
grounds.  Both  divisions  abound  in  exquisitely  preserved  fossils  of 
Lower  Silurian  time ;  and  in  fact  the  hills  of  Cincinnati  and  its  vicinity 
have  become  classical  grounds  to  the  geologist  on  this  account. 

As  the  series  takes  cover  to  the  northward  and  eastward  it  retains 
for  a  time  the  same  characteristics  already  described,  but  as  it  is  followed 
further  it  rapidly  becomes  less  calcareous.  The  limestone  courses  are 
thinner  and  fewer,  and  inasmuch  as  they  resist  or  delay  the  drill  but 
little  in  its  descent,  the  entire  series  comes  to  be  counted  shale.  One 
other  fact  needs  to  be  mentioned.  The  shale  at  certain  points,  and 
especially  on  the  western  border,  often  grows  dark  in  color  so  that  the 
boundary  between  this  and  the  underlying  Utica  division  is  somewhat 
obscure. 

The  entire  interval  in  such  circumstances  may  pass  with  the  driller 
as  black  shale.  The  shale  of  this  series  are  thinnest  in  this  part  of  the 
state,  the  entire  measure  running  as  low  as  300  feet,  or  even  less.  To 
the  eastward  the  greenish  blue  element  already  named,  is  always  found. 
The  Hudson  river  shales  are  foesiliferous,  as  the  fragments  of  corals  and 
shells  brought  up  in  the  drillings  abundantly  testify.  A  few  of  the 
fossils  are  identifiable. 

The  Hudson  River  group  occupies  in  its  outcrop  about  4,000  square 
miles  in  southwestern  Ohio,  but  it  is  doubtless  coextensive  with  the 
limits  of  the  state.  The  shales  of  the  series  contain  in  outcrop  large 
quantities  of  phosphates  and  alkalies,  and  the  soils  to  which  they  give 
rise  are  proverbial  for  their  fertility. 

The  presence  of  these  fine-grained  and  impervious  shales  in  so 
many  separate  beds  forbids  the  descent  of  water  through  the  formation. 
In  its  outcrop  the  formation  has  no  water  supply,  and,  as  found  by  the 
driller,  it  is  always  dry.  It  givep  rise  to  frequent  **  blowers  "  or  short- 
lived accumulations  of  high-pressure  gas  when  struck  by  the  drill,  as 
has  been  found  in  the  experience  in  many  towns  of  western  Ohio  within 
the  last  two  years,  and  it  also  yields  considerable  amounts  of  low-pres- 
sure shale  gas,  which  proves  fairly  durable.  In  a  single  instance  it  has 
given  rise  to  high-pressure  gas,  but  the  supply  was  not  of  long  duration. 
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4.    Thb  Medina  Shalb. 

A  stratum  of  non-fossiliferouB  shale,  often  red  or  yellow  in  color 
and  having  a  thickness  of  ten  to  forty  feet,  directly  overlies  the  upper- 
most beds  of  the  Hudson  River  group  at  many  points  in  southwestern 
Ohio.  In  the  Report  of  Progress  for  1869,  Geology  of  Ohio,  page  148, 
the  suggestion  was  made  that  this  red  band  represents  the  Medina 
epoch,  the  position  of  the  stratum  and  its  color  being  the  grounds  of 
reference.  The  same  view  was  further  urged  by  Newberry  in  Geology 
of  Ohio,  Vol.  1,  page  126,  but  no  additional  reasons  for  assigning  the 
stratum  to  this  position  have  been  found  until  within  the  last  year. 
The  occurrence  of  50  to  150  feet  of  red  shale  in  most  of  the  recent  deep 
borings  in  northwestern  Ohio  at  exactly  the  place  in  the  general 
column  where  the  Medina  should  be,  and  so  much  nearer  to  the  known 
outcrops  of  the  formation  that  its  continuity  with  these  was  hardly  to 
be  questioned,  this  fact,  taken  in  connection  with  the  occurrence  of  like 
beds  of  red  shale  holding  the  same  relative  position  in  several  deep 
borings  in  the  central  portions  of  the  state,  serves  to  confirm  the  halting 
reference  of  1869,  and  to  give  warrant  for  counting  the  Medina  epoch 
duly  represented  in  the  outcropping  strata  of  southwestern  Ohio.  It 
occurs  here  only  in  included  sections,  its  thin  and  easily  eroded  beds 
never  being  found  as  surface  formations  for  extensive  areas.  There  is 
good  reason  to  believe  that  the  Medina  formation  is  coextensive  with 
the  limits  of  the  state,  except  in  the  regions  from  which  it  has  already 
been  removed. 

The  red  color  of  the  shales  is  quite  persistent,  but  there  are  many 
well-records  in  which  this  color  does  not  appear.  This  is  especially 
true  in  Allen  county,  and  to  the  westward  and  northwestward  from 
Lima.  Blue  shales  alternate  with  the  red  in  the  eastern  sections.  In 
the  western  they  replace  the  latter.  Thin  beds  of  sandstone  are  found 
in  the  Medina,  especially  to  the  eastward.  Small  pebbles  occur  in  some 
of  these  beds. 

6.    The  Clinton  Limestone. 

The  Clinton  group  of  New  York  appears  as  a  surface  formation  in 
Ohio  only  in  the  area  already  named.  It  forms  a  fringe  or  margin  of 
the  Cincinnati  group  through  eight  or  ten  counties,  rising  above  the 
soft  and  easily  eroded  rocks  of  this  series,  and  of  the  previously  named 
Medina  shale  in  a  conspicuous  terrace.  It  is  everywhere  a  well- 
characterized  limestone  stratum.  It  is  highly  crystalline  in  structure, 
and  is  susceptible  of  a  good  polish.  In  some  localities  it  is  known  as  a 
marble.    A  considerable  part  of  it,  and  especially  the  upper  beds,  are 
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almost  wholly  made  up  of  crinoidal  fragments.  In  thickness,  it  ranges 
between  ten  and  fifty  feet.  Its  prevailing  colors  are  white,  pink,  red, 
yellow,  gray  and  blue.  At  a  few  points  it  is  replaced  by  the  hematite 
ore  that  is  elsewhere  so  characteristic  of  the  formation.  The  ore  is 
generally  too  lean  and  uncertain  to  possess  economic  value,  but  it  was 
once  worked  for  a  short  time  and  in  a  very  small  way  in  a  furnace  near 
Wilmington,  Clinton  county. 

The  limestone  contains  a  notable  quantity  of  indigenous  petroleum 
throughout  most  of  its  outcrop,  but  no  very  valuable  accumulations  of 
oil  or  gas  have  been  found  in  it  thus  far.  It  is  the  source  of  the  low- 
pressure  gas  of  Fremont  (upper  vein),  and  also  of  the  gas  at  Lancaster 
from  1,962  feet  below  the  surface,  and  at  Newark  from  2,100  feet  below 
the  surface.  In  fact,  a  small  but  fairly  persistent  flow  is  maintained 
from  this  horizon  in  several  of  the  gas-producing  districts  of  Northern 
Ohio.  In  a  single  instance  in  Wood  county  it  is  proving  itself  an  oil 
rock.  A  well  near  Trombley,  drilled  to  this  horizon,  has  been  flowing 
twenty  to  thirty  barrels  of  oil  for  a.  number  of  months,  the  oil  being 
referable  to  this  formation. 

In  outcrop  the  stratum  is  quite  porous  as  a  rule,  and  the  water  that 
falls  upon  its  uncovered  portions  sinks  rapidly  through  them  to  the 
underlying  shale  (Medina),  by  which  it  is  turned  out  in  a  well-marked 
line  of  springs. 

In  composition,  the  limestone,  in  its  outcrops  in  southern  Ohio,  is 
fairly  constant.  All  of  its  most  characteristic  portions  contain  eighty 
to  eighty-five  per  cent,  of  carbonate  of  lime,  and  ten  to  fifteen  per  cent, 
of  carbonate  of  magnesia.  At  a  few  points,  however,  it  is  found  as  the 
purest  carbonate  of  lime  in  the  Btate.  Under  cover,  to  the  northward, 
it  is  much  more  magnesian  in  composition,  being  indistinguishable 
from  the  Niagara.  It  also  becomes  shaly  and  changeable  in  character 
at  many  points.    As  it  becomes  shaly  the  thickness  is  much  increased. 

It  is  everywhere  uneven  in  its  bedding,  being  in  striking  contrast 
in  this  respect  with  the  formations  below  it  and  also  above  it.  The 
beds  are  all  lenticular  in  shape,  and  they  extend  but  a  few  feet  in  any 
direction.    They  seldom  rise  to  one  foot  in  thickness. 

The  uneven  bedding,  the  crystalline  and  crinoidal  characters,  the 
high  colors,  and  particularly  the  red  bands  and  the  chemical  composition, 
combine  to  make  the  Clinton  limestone  an  exceedingly  well-marked 
stratum  throughout  southwestern  Ohio,  and  from  the  hints  yielded  by 
the  drill  in  northwestern  Ohio,  it  seems  to  have  something  of  the  same 
character  there,  especially  so  far  as  color  is  concerned.  It  becomes  more 
shaly  and  much  thicker  to  the  eastward.    It  carries  bands  of  red  shale 
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almoBt  universally  throughout  the  northern  central  and  central  parts 
of  the  state. 

The  limestone  is  directly  followed  at  a  number  of  points  in  the 
territory  occupied  by  it,  by  a  stratum  of  very  fine-grained,  bluish-white 
clay,  containing  many  fossils  distributed  through  it,  the  fossils  being 
crystalline  and  apparently  pure  carbonate  of  lime.  Some  of  them  are 
characteristic  of  the  formation  elsewhere  as  Orthis  circulvs^  Atrypa  nodo^ 
striata,  RhyrujfumeUa  negleeta^  etc.,  while  others  are  known  only  in  this 
bed  as  TripUda  Ortoni.  A  similar  bed  of  white  clay  is  reported  at  the 
same  horizon,  by  the  drillers  in  northern  Ohio,  and  the  drillings  show 
the  presence  of  fossils  of  the  same  characters.  This  clay  seam  can  be 
designated  the  Clinton  clay,  but  it  merges  in  and  is  indistinguishable 
from  the  lowest  element  in  the  next  group.  The  Clinton,  in  its  out- 
crops, is  entirely  confined  to  southern  Ohio. 

6.    The  Niagara.  Group. 

The  Clinton  limestone  is  followed  in  ascending  order  by  the  Niagara 
group,  a  series  of  shales  and  limestones  that  has  considerable  thickness 
in  its  outcrops,  and  that  occupies  about  3  000  square  miles  of  territory  in 
Ohio.  The  lowest  member  is  the  Niagara  shale,  a  mass  of  light-colored 
clays,  with  many  thin  calcareous  bands.  It  has  a  thickness  of  100  feet 
in  Adams  county,  but  it  is  reduced  rapidly  as  it  is  followed  northward, 
and  in  Clarke  and  Montgomery  counties  it  is  not  more  than  ten  or 
fifteen  feet  thick.  Still  further  to  the  northward,  as  appears  from  the 
records  of  recent  drillings,  the  shale  sometimes  disappears  entirely,  but 
in  the  great  majority  of  wells,  especially  in  Hancock  and  Wood  counties, 
it  is  a  constant  element,  ranging  from  five  to  thirty  feet.  Wells  are 
often  cased  in  this  shale,  but  a  risk  is  always  taken  in  doing  so. 

In  Montgomery,  Mialni  and  Greene  counties  the  shale  contains  in 
places  a  very  valuable  building  stone,  which  is  widely  known  as  the 
Dayton  stone.  It  is  a  highly-crystalline,  compact  and  strong  stone, 
lying  in  even  beds  of  various  thickness,  and  is  in  every  way  adapted  to 
the  highest  architectural  uses.  It  carries  about  ninety-two  per  cent,  of 
carbonate  of  lime.  The  Niagara  shale  is,  as  a  rule,  quite  poor  in  fossils. 
It  is  apparently  destitute  of  them  in  many  of  its  exposures. 

The  limestone  that  succeeds  the  shale  is  an  even-bedded,  blue  or 
drab,  magnesian  stone,  well  adapted  at  many  points  to  quarrying  pur- 
poses. It  contains  many  characteristic  fossils  of  Niagara  age,  such  as 
spirifera  NiagarenaiSy  Pentamenis  oblonguSj  Rhynchondla  TennesseemiSf  Caly- 
mene  Niagarenaiay  etc.,  etc.  It  is  known  in  Ohio  by  various  local  names, 
derived  from  the  points  where  it  is  worked.    There  are  several  subdi- 
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visions  of  it  that  are  unequally  developed  in  different  portions  of  the 
state.  Like  th^  shale  below  it,  this  member  is  thickest  in  southern 
Ohio.  It  cannot  be  recognized  as  a  distinct  element  in  the  northern 
part  of  the  state  either  in  outcrop  or  in  drillings.  It  may  be  that  its 
horizon  is  not  reached  in  any  natural  exposures  ef  the  formation  in 
this  part  of  the  state. 

The  uppermost  division  of  the  formation  is  the  Guelph  limestone, 
which  differs  very  noticeably  in  several  points  from  the  Niagara  lime- 
stone proper.  It  obtains  its  name  from  a  locality  in  Canada,  where  it 
was  first  studied  and  described.  It  has  a  maximum  thickness  in 
southern  Ohio  of  200  feet.  It  differs  from  the  underlying  limestone  in 
structure,  composition  and  fossils.  It  is  either  massive  or  very  thin- 
bedded,  rarely  furnishing  a  building  stone.  It  is  porous  to  an  unusual 
extent.  It  is  generally  very  light  in  color,  and  is  everywhere  in  the 
state  nearly  a  typical  dolomite  in  composition.  It  yields  lime  of  great 
excellence  for  the  mason's  use. 

It  is  exceedingly  rich  in  fossils,  containing  a  large  number  that  are 
thoroughly  characteristic  of  the  formation.  Among  the  more  conspicu- 
ous of  these  may  be  named  Trimerdla  and  Monomerella,  MegcUomua  Cana- 
dends^  SaccocrinuSy  various  species,  Euccdyptocrinus  comutus,  Caryocrinvs 
omcUua,  TremanotiLS  cUpheuSj  etc.,  etc. 

Unlike  the  previously  named  divisions  of  the  Niagara,  the  Guelph 
limestone  is  as  well  developed  in  northern  as  in  southern  Ohio  in  all 
respects.  Not  more  than  forty  feet  are  found  in  its  outcrops  here,  but 
the  drill  has  shown  several  times  this  amount  of  Niagara  limestone 
without  giving  us  all  of  the  data  needed  for  referring  the  beds  traversed 
to  their  proper  subdivisions.  What  facts  there  are  seem  to  point  to  the 
Guelph  8S  the  main  element  in  this  underground  development  of  the 
formation  in  this  portion  of  the  state. 

The  Hillsboro  sandstone  is  the  last  element  in  the  Niagara  group. 
It  is  found  in  but  few  localities,  and  its  reference  to  the  Niagara  series 
in  its  entirety  is  not  beyond  question.  In  Highland  county  it  has  a 
thickness  of  thirty  feet  in  several  sections.  It  is  composed  of  very  pure, 
even-grained,  sharp  silicious  sand.  Other  deposits  of  precisely  the  same 
character  are  found  in  the  two  next  higher  limestones  of  the  scale  at 
several  points  in  the  state.  One  of  these  deposits  is  interstratified  with 
the  Waterlime  in  Scioto,  Wood  and  Lucas  counties,  and  others  are  im- 
bedded in  the  Corniferous  limestone  in  central  Ohio.  The  latter  have 
been  referred  to  the  Oriskany  period,  but,  strictly  speaking,  this  reference 
is  inadmissible,  inasmuch  as  normal  Corniferous  limestone  with  its  most 
characteristic  fossils  is  foand  below  as  well  as  above  the  sandstone.  The 
subject  will  be  further  considered  on  a  succeeding  page. 
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The  Hillsboro  sandstone  is  sometimes  built  up  above  all  tbp  beds  of 
the  upper  Niagara  limestone,  but  again,  it  is,  at  times,  interstratified 
with  the  beds  of  the  Guelph  division.  In  the  latter  case  it  is  itself  fos- 
siliferous,  but  when  found  alone  it  seems  destitute  of  all  traces  of  life. 
These  sandstones  in  the  limestone  formations  suggest  in  their  peculiari- 
ties a  common  origin.  They  all  consist  of  unworn  and  nearly  perfect 
crystals,  in  considerable  part.  Their  occurrence  in  outcrops  becomes  a 
matter  of  interest  to  us,  now  that  we  are  called  to  interpret  the  varied 
records  of  deep  drillings  throughout  the  state.  What  would  otherwise 
be  altogether  anomalous  sections  may  be  rendered  intelligible  by  the 
known  presence  of  such  elements  in  our  series. 

The  Salina  Chroup. 

This  group  has  appeared  in  all  the  recent  sections  of  the  rocks  of 
the  state,  but  in  the  light  of  facts  recently  obtained,  it  can  no  longer 
be  counted  a  distinct  or  recognizable  element  in  the  Ohio  scale.  New- 
berry gave  it  the  place  it  has  lately  held  in  the  column,  and  assigned 
to  it  a  thickness  of  forty  feet.  To  it  he  referred  the  plaster  beds  of  the 
Ottawa  county  peninsula,  and  certain  impure  limestones  of  Put-in  Bay 
Island.  He  also  recorded  the  disappearance  of  what  he  counted  the 
same  stratum  a  few  miles  south  of  the  lake  shore  in  a  shaly  bed  that 
rests  immediately  upon  the  Niagara  limestone. 

These  identifications  are,  however,  incompatible.  The  limestones  of 
Put-in  Bay  and  the  plaster  beds  of  the  peninsula  do  not  directly  overlie 
the  Niagara  limestone,  but  on  the  contrary  are  separated  from  it  by 
several  hundred  feet  of  the  brown,  even-bedded,  sparingly  fossiliferous 
magnesian  limestone  that  we  call  the  Lower  Helderberg  limestone  or 
Waterlime.  In  other  words,  the  plaster  beds  of  Gypsum  are  buried  in 
the  middle,  or  above  the  middle,  of  this  great  sheet  of  limestones,  instead 
of  being  planted  at  its  base.  The  reference  of  this  formation  to  the 
Salina  was  rendered  probable  at  the  time  from  the  fact  that  all  the  gyp- 
siferous  formations  of  New  York  were  then  counted  of  Salina  age.  It 
has  since  been  proved  by  Prof.  S.  G.  Williams,  of  Ithaca,  that  gypsum 
is  also  contained  in  the  Waterlime  of  central  New  York,  and  it  is  in 
like  situations  that  the  Ohio  quarries  are  found. 

The  Salina  period  is  an  important  one  in  the  New  York  scale,  a 
thousand  feet  of  deposits  being  credited  to  it,  and  there  are  probably 
some  deposits  in  Ohio  that  are  contemporaneous  with  it;  but  it  cannot 
be  the  gypsum-bearing  beds  of  Ottawa  county,  unless  it  is  made  to  take 
in  at  least  one-half  of  the  entire  formation  that  we  now  call  Waterlime. 
This  gypsiferous  series  proves  to  be  of  considerable  thickness  and  to  be 
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wide-spread.  It  is  struck  in  scores  of  the  wells  that  are  being  drilled  in 
northern  and  central  Ohio.  In  Sandusky,  gypsum  was  found  in  quite 
pure  and  thick  beds,  through  several  hundred  feet  of  the  strata  through 
which  the  drill  passed,  and  in  the  deep  well  at  Cleveland  both  rock-salt 
and  gypsum  (anhydrite)  were  found  in  considerable  deposits.  Notable 
deposits  of  gypsum,  also,  have  been  found  in  the  deep  wells  of  Columbus, 
Newark,  and  many  other  towns.  Salt  and  gypsum  are  geological  acci- 
dents, and  cannot  well  be  used  in  determining  the  geological  order  of 
regions  that  are  separated  by  intervals  of  hundreds  of  miles. 

The  reference  of  distinct  portions  of  our  geological  scale  to  the 
Salina  period  must  accordingly  be  discarded  for  the  present,  at  least. 

7.    The  Lower  Helderberg  or  Waterlimb  Formation. 

The  interval  that  exists  between  the  Niagara  and  the  Devonian 
limestones  is  occupied  in  Ohio  by  a  very  important  formation.  This 
formation  was  first  separated  from  the  previously  undivided  mass  of  the 
Clifif  limestone  by  Newberry  in  1869.  He  found  and  identified  its 
fossils,  and  showed  by  means  of  thtm,  and  by  the  position  of  the  stratum 
in  our  series,  that  the  rocks  of  this  interval  are  the  equivalents,  in  part 
at  least,  of  the  Waterlime  of  the  New  York  scale.  The  Waterlime  of 
New  York  is  classed  by  most  geologists  with  the  Lower  Helderberg 
series ;  but  Hall  counts  it  the  upper  member  of  the  Salina  Group,  a 
reference  that  seems  likely  to  be  ultimately  considered  the  true  and 
proper  one. 

The  name  is  unhappily  chosen.  Strictly  applicable  to  only  an  in- 
significant fraction  of  the  beds  of  this  series  in  New  York,  we  are  still 
obliged  to  apply  the  designation  Waterlime,  with  its  misleading  sug- 
gestions, to  all  deposits  of  the  same  age  throughout  the  country. 

Though  the  last;  to  be  recognized  of  our  several  limestone  forma- 
tions, the  Waterlime  occupies  a  larger  area  in  Ohio  than  any  other,  its 
principal  developments  being  found  in  the  drift  covered  plains  of  the 
northwestern  quarter  of  the  state.  It  has  also  a  much  greater  thick- 
ness than  any  other  limestone,  its  full  measure  being  at  least  600  feet, 
or  twice  the  greatest  thickness  of  the  Niagara  limestone. 

It  can  be  described  as,  in  the  main,  a  strong,  compact,  magnesian 
limestone,  poor  in  fossils,  and  often  altogether  destitute  of  them  for  con- 
siderable areas,  microscopic  forms  being  excepted.  It  is,  for  the  most 
part,  drab  or  brown  in  color;  but  occasionally  it  becomes  very  light- 
colored,  and  again  it  is  often  dark-blue.  It  is  brecciated  throughout 
much  of  its  extent,  the  beds  seeming  to  have  been  broken  into  some- 
times small  and  sometimes  large  angular  fragments  after  their  harden- 
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ing,  and  then  to  have  been  recemented  without  further  disturbance.  In 
addition  to  this,  it  contains  an  immense  amount  of  true  conglomerate, 
the  pebbles,  many  of  which  are  bowlders  rather  than  pebbles,  being  ail 
derived  from  the  rocks  of  the  same  general  age.  The  surface  of  many 
successive  layers  at  numerous  points  are  covered  with  suncracks,  thus 
furnishing  proof  of  having  been  formed  in  shallow  water  near  the  edge 
of  the  sea.  In  such  localities,  the  beds  are  usually  quite  thin,  and  are 
also  impure  in  composition.  In  these  respects,  it  suggests  the  conditions 
of  the  Onondaga  Salt  Group  of  New  York.  These  features  are  very 
characteristic  ones.  A  rude  concretional  structure  is  also  quite  dis- 
tinctive of  the  beds  of  this  age.  The  Waterlime  in  Ohio  everywhere 
contains  petroleum  in  small  quantity  which  is  shown  by  the  odor  of 
freshly  broken  surfaces.  No  noteworthy  accumulations  of  oil  or  gas 
have  thus  far  been  found  within  it.  At  some  points,  it  carries  consider- 
able asphalt,  distributed  through  the  rock  in  shot-like  grains,  or  in 
sheets  and  films.  Thin  streaks  of  carbonaceous  matter  traversing  the 
rock  parallel  to  its  bed  planes  are  one  of  the  constant  marks  of  the 
stratum  in  Ohio.  It  is  generally  thin  and  even  in  its  bedding;  but  in 
some  localities  it  contains  massive  beds.  At  some  points,  it  is  remark- 
able for  its  evenness,  and  great  value  is  given  to  the  formation  on  this 
account,  when  combined  with  other  qualities  already  named.  It  is 
frequently  a  nearly  pure  dolomite  in  composition,  and  accordingly,  it 
yields  magnesian  lime  of  high  quality  and  is  extensively  burned  in  the 
state,  rivaling  in  this  respect  the  Guelph  beds  of  the  Niagara. 

In  southern  Ohio,  it  has  a  maximum  thickness  of  100  feet,  and  here 
it  reaches  its  highest  quality  in  all  respects ;  but  in  central  and  north- 
ern Ohio  it  attains  the  great  thickness  previously  reported.  There 
also,  it  contains  several  distinct  types  of  limestone  rock.  A  consider- 
able part  of  it  is  very  tough,  strong,  dark-blue  limestone,  while  other 
portions  are  white,  porous  and  soft. 

Its  fossils  are  referable,  in  type  at  least,  to  the  age  of  the  Water- 
lime,  as  already  stated.  The  most  characteristic  forms  are  the  crustacean 
named  Eurypterus,  which  was  found  by  Newberry  on  the  islands  of 
Lake  Erie,  and  which  has  not  been  reported  elsewhere  in  the  state ; 
and  the  bivalve  crustacean  Leperditia,  There  are  points  in  the  state, 
however,  where  the  stratum  contains  a  considerable  fauna,  and  perhaps 
ground  may  be  found  for  removing  some  of  the  higher  beds  that  are 
now  included  in  it  into  a  distinct  division,  viz.,  the  Shaly  limestone  of 
the  Lower  Helderberg  series.  Greenfield,  Highland  county,  and  Lima 
may  be  named  as  localities  near  which  especially  fossiliferous  phases  of 
the  Waterlime  can  be  found. 
2  G. 
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The  line  of  junction  between  the  Niagara  and  Wateriime  is  some- 
times obscure,  and  no  means  are  at  hand  for  drawing  sharp  lines  of 
division. 

All  that  has  been  thus  far  said  applies  mainly  to  the  formation  as 
found  in  outcrop ;  but  well-reamings  brought  up  from  considerable 
depths  at  various  points  in  the  state  render  it  certain  that  the  princi- 
pal features  now  given  mark  the  formation  below  ground,  as  well  as 
above.  There  is  no  reason  to  doubt  that  the  Wateriime  has  as  wide  a 
distribution  in  the  subterranean  geology  of  Ohio  as  the  formations  al- 
ready described.  It  is  to  be  found  in  every  part  of  the  state  in  which 
it  is  due. 

This  formation  has  come  into  new  prominence  through  the  revela- 
tions of  the  drill  within  the  last  year.  In  regard  to  no  other  element 
in  the  state  series  have  the  geologists  been  so  wide  of  the  mark  as  in 
regard  to  the  Lower  Helderberg  formation.  What  belongs  to  it  was 
taken  from  it  and  given  to  a  stratum  that  has  no  existence  in  the  state; 
and  it  was  credited  with  but  one-sixth  of  its  real  thickness.  Its  out- 
crops ought  to  have  shown  that  it  has  a  greater  thickness  than  was 
assigned  to  it,  since  it  covers  several  scores  of  miles  in  an  east  and  west 
line.  It  demands  a  large  amount  of  additional  investigation  to  put  it 
in  order ;  and  to  secure  such  a  mastery  of  it  as  to  be  able  to  determine 
from  an  inspection  of  any  outcrop  what  place  it  holds  in  the  general 
series  will  be  a  valuable  service  to  the  geology  of  the  state.  Winchell 
established  approximately  one  horizon  in  it  which  promises  to  be  of 
some  service,  namely,  the  horizon  of  the  Tymochtee  Slate,  a  bed  of  dark- 
blue  shaly  limestone  that  is  found  in  outcrop  in  the  Tymochtee  Creek 
near  Carey,  Wyandot  county.  It  is  below  the  middle  of  the  formation 
and  probably  within  100  to  200  feet  of  the  Niagara  limestone.  A  few 
other  facts  can  be  added  that  bear  upon  the  same  point.  The  excess- 
ively hard  and  strong  dark-blue  impure  limestone  of  Allen,  Hardin 
and  Hancock  counties  and  some  adjoining  regions,  which  often  has  its 
surface  conspicuously  marked  with  suncracks,  belongs  to  the  mid- 
dle portion  of  the  formation,  but  probably  rather  above  than  below 
the  middle.  A  single  other  element  remains  to  be  inserted  in  the  Lower 
Helderberg  column,  the  interpolation  of  which  at  this  point  will 
occasion  surprise  to  all  who  are  conversant  with  the  current  statements 
in  regard  to  our  geological  scale. 

The  Sylvania  Sandstone. 

A  remarkable  deposit,  or  rather  series  of  deposits,  of  extremely  pure 
glass  sand  has  long  been  known  in  Lucas  and  Wood  counties  of  Northern 
Ohio  and  in  adjacent  territory.    The  two  best  known  deposits  are  those 
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of  Sylvania  and  Monclova,  which  respectively  lie  ten  miles  northwest 
and  west  of  Toledo.  Other  similar  deposits  are  known  in  Wood  county; 
and  it  is  probable  that  the  sand  deposits  of  Monroe  county,  Michigan, 
belong  to  the  same  horizon.  The  Sylvania  sand  has  been  referred  by 
Newberry  in  connection  with  several  other  sandstone  deposits,  some  of 
which  are  on  the  same  horizon  with  it,  and  some  of  which  belong  to 
quite  distinct  and  widely  separated  horizons,  to  the  Oriskany  sand- 
stone. The  first  account  of  the  Sylvania  sandstone  was  given  by  Mr.  0. 
K.  Gilbert  in  the  description  of  the  geology  of  Lucas  county,  Geology  of 
Ohio,  Vol.  1,  page  576.  Mr.  Gilbert,  however,  does  not  assign  it  to  the 
Oriskany,  but  distinctly  includes  it  with  the  Corniferous  limestone. 
His  reasons  for  placing  it  within  the  last-named  formation  appear  in 
his  statements.  He  reports  fossils  of  the  Corniferous  limestone  in  a 
bed  that  underlies  the  sand.  The  section  that  he  finds  here  from  this 
lower  fossiliferous  bed  to  the  summit  of  what  he  considers  the  Cornifer- 
ous formation  includes  164  feet  of  rock. 

The  facts,  as  now  seen,  are  as  follows:  The  sandstone,  twenty  or 
more  feet  in  thickness,  seen  in  the  Sylvania  quarries,  rests  upon  beds 
of  normal  Waterlime,  which  are  exposed  a  few  rods  to  the  eastward. 
The  rocks  are  very  sharply  inclined  here,  descending  in  an  almost  due 
west  direction  at  the  rate  of  one  foot  to  seven,  as  determined  by  the 
clinometer  from  numerous  exposures.  These  quarries  mark,  in  fact, 
the  northernmost  extension  of  the  Findlay  break,  and  the  abrupt 
descent  of  the  rocks  to  the  westward  is  probably  nearly  continuous  from 
here  to  Findlay.  The  rocks  overlying  the  sandstone^  as  seen  in  extensive 
quarries  from  which  hundreds  of  cords  of  stone  have  recently  been 
removed,  are  unmistakable  Waterlime^  containing  all  the  characteristic 
marks  of  the  formation,  its  chemical  composition,  its  bedding,  its  bitu- 
minous character,  and  its  fossils.  Further  on,  the  conglomeratic  phase 
of  the  Waterlime  appears.  There  is  nothing  in  the  whole  formation 
more  characteristic  than  this.  At  the  end  of  the  series  eighty  rods  to 
the  westward  from  the  sandstone  quarry,  a  few  feet  of  undoubted  Corni- 
ferous limestone  occur,  rich  m  the  fossils  of  the  formation  and  true  to 
its  chemical  composition.  All  this  is  absolutely  unequivocal  and 
decisive.  The  Sylvania  sandstone  lies  nearly  or  quite  200  feet  below 
the  Corniferous  limestone.  As  to  the  fossils  that  Mr.  Gilbert  reports 
below  the  sandstone  in  his  layer  No.  1(1.  c),  nothing  can  now  be  said, 
from  the  fact  that  this  bed  has  not  been  rediscovered.  The  statements 
of  so  careful  and  discriminating  an  observer  as  Mr.  Gilbert  must  be  set 
aside,  if  at  all,  with  great  hesitation;  but  the  facts  as  now  seen  are  so 
absolutely  decisive  that  the  question  in  regard  to  the  sandstone  cannot 
be  considered  an  open  one.    If  a  layer  containing  such  fossils  occurs 
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below  the  Bandstone,  then  (his  fossiliferous  layer  must  be  taken  into 
the  Lower  Helderberg  limestone,  whatever  its  contents  may  be.  It 
will  be  borne  in  mind  that  fish  remains  have  already  come  from  lower 
horizons  than  this  in  the  rocks  of  central  Pennsylvania.  The  thickness 
of  the  so-called  Corniferous  in  the  Sylvania  section  made  by  Mr.  Gilbert 
would  in  itself  lead  us  to  discard  the  identification,  because  this  forma- 
tion nowhere  else  in  Ohio  passes  a  limit  of  seventy-five  feet.  Instead 
of  being  more  than  double  here  it  has  in  reality  but  a  fraction  of  its 
usual  thickness;  and  the  fossils  that  are  crowded  together  in  the  fifteen 
feet  of  true  Corniferous  limestone  that  occur  in  the  section  on  its  western 
limit  belong  to  both  bottom  and  top  of  the  limestone  when  found  in  it& 
full  development.  In  other  words,  instead  of  being  greatly  expanded 
in  the  Sylvania  section,  the  Corniferous  limestone  is  greatly  reduced 
here.  The  Monclova  or  Holland  sandstone  occupies  the  same  position 
in  the  series  as  the  Sylvania  sandstone  does.  The  Grand  Rapids  sand* 
stone  of  Wood  county  probably  belongs  to  the  same  level.  Perhaps, 
also,  it  is  the  Sylvania  sandstone  that  appears  in  the  thirty  feet  bed  of 
sharp  and  pure  sand  that  is  reached  in  the  deep  well  of  the  Cleveland 
Rolling  Mill  Co.,  at  a  depth  of  about  2,000  feet  from  the  surface,  and 
under  300  feet  of  limestone.  That  the  Upper  Helderberg  limestone 
should  expand  between  Sandusky  and  Cleveland  from  76  to  300  feet 
and  thus  make  this  thirty  feet  sandstone  the  equivalent  of  the  Oriskany 
is  hard  to  believe;  but  it  might  retain  its  normal  measure  of  seventy- 
five  feet,  and  the  balance  of  the  300  feet  could  be  easily  provided  for  by 
the  Lower  Helderberg  limestone.  The  sandstone  itself  is  of  precisely 
the  same  character  as  that  found  in  the  Sylvania  quarries. 

That  there  is  another  sandstone  of  similar  character  with  the 
Sylvania  sand  included  in  the  Corniferous  sand,  is  beyond  question. 
This  formation  will  be  treated  under  the  next  section.  The  Sylvania 
sand  can  henceforth  be  counted  an  Upper  Silurian  sandstone  and  a  part 
of  the  Lower  Helderberg  series. 

8.    Thu  Upper  Heldebbbrg  Limestone. 

All  of  the  limestone  of  Devonian  age  in  Ohio  has  been  referred,  by 
Newberry,  to  the  Corniferous  limestone,  and  this  term  is  in  general  use 
at  the  present  time.  It  may  be  questioned  whether  it  is  wise  to  break 
in  upon  this  here,  but  inasmuch  as  several  geologists  hold  that  the  De- 
vonian limestone  of  Ohio  covers  more  than  the  single  epoch  known  as 
Corniferous  in  New  York,  a  more  comprehensive  term,  viz.,  the  Upper 
Helderberg  limestone,  is  counted  preferable.  A  two-fold  division  of  the 
series  is  possible  and  proper  in  Ohio,  the  division  being  based  on  both 
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litholofi;y  and  fossils.  The  divisions  are  known  as  Lower  and  Upper 
€orniferous,  or  as  Columbus  and  Delaware  limestones.  For  the  upper 
division,  the  term  Sandusky  limestone  is  sometimes  used.  In  central 
Ohio,  at  a  few  points,  there  is  a  marked  contrast  between  the  lower  and 
the  upper  beds,  the  latter  being  thin  and  shaly,  non-fcssiliferous  in  the 
main,  and  interrupted  with  frequent  courses  of  black  flint.  This  phase 
is  seen  at  Ihe  State  quarries  near  Columbus.  Generally,  however,  both 
divisions  are  calcareous  and  fossiliferous,  and  the  differences  consist  in 
changes  of  color  and  composition,  in  thickness  of  the  several  beds  and 
in  the  distribution,  and  also  in  the  kinds  of  fossils  present. 

The  maximum  thickness  of  the  Upper  Helderberg  series  in  Ohio, 
80  far  as  present  records  show,  is  76  to  100  feet. 

Included  in  the  lower  beds  of  the  limestone  there  are,  at  many 
points,  deposits  of  sharp  sand  of  the  same  character  as  the  deposits 
already  described  under  the  names  of  Hillsborough  sandstone  and  Syl- 
vania  sandstone.  These  beds  may  be  known  as  the  West  Jefferson 
sandstone,  one  of  the  localities  at  which  the  sand  is  found  being  near 
this  village.  This  Upper  Helderberg  sandstone  is  not  Oriskany  in  age. 
It  nowhere  underlies  the  Corniferous  limc^tone,  but  is  always  underlain 
by  it  and  interstratified  with  it.  It  attains  a  thickness  of  but  few  feet 
at  most,  and  is  nowhere  worked  for  economic  uses  except  upon  the  small- 
est scale. 

In  chemical  composition,  the  Corniferous  limestone  is  easily  distin- 
guished from  all  that  underlie  it.  It  is  much  less  magnesian  than  the 
other  members  of  the  Cliff  limestone  of  Ohio,  already  described.  It  is 
never  a  true  dolomite  in  composition,  as  the  Waterlime  and  Niagara 
limestones  almost  always  are.  The  carbonate  of  magnesia  ranges  in  it 
from  two  to  thirty-five  per  cent.,  reaching  the  latter  figure  in  but  few 
cases.  The  composition  of  the  typical,  heavy-bedded  lower  Corniferous 
may  be  taken  as  seventy  per  cent,  carbonate  of  lime  and  twenty-five  per 
cent,  carbonate  of  magnesia.  The  higher  beds  of  the  Columbus  stone 
refifularly  yield  ninety-one  to  ninety-five  per  cent,  carbonate  of  lime. 
The  upper  division,  or  the  Delaware  stone,  is  much  less  pure  in  central 
Ohio  than  the  lower,  a  notable  percentage  of  iron  and  alumina,  as  well 
as  silica,  generally  being  contained  in  it.  It  is,  therefore,  seldom  or 
never  burned  into  lime.  In  northern  Ohio,  on  the  contrary,  it  is  often 
found  very  strong  and  pure  limestone. 

Both  divisions,  but  particularly  the  lower  one,  carry  occasional 
<50urses  of  chert,  that  detract  from  the  value  of  the  beds  in  ^hich  they 
occur.  The  chert  is  found  in  nodules  which  are  easily  detached  from 
the  limestone  for  the  most  part.  In  some  conditions  in  which  the  chert 
occurs,  fossils  are  found  in  it  in  a  remarkably  good  state  of  preservation. 
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The  percentage  of  chert  and  flint  in  any  section  would  be  conBidexable, 
and  this  fact  must  be  borne  in  mind  in  the  analysis  of  drillings  from 
bore  holes  that  penetrate  the  formation. 

The  beds  of  the  lower  division  are  prevailingly  light-colored,  rang- 
ing from  whitish  to  gray,  drab  and  brown.  The  upper  beds  are  oftener 
blue  than  otherwise. 

The  beds  of  the  lower  division  are,  as  a  rule,  much  thicker  than 
those  of  the  upper.  The  bottom  courses  of  all  are  sometimes  quite 
massive.  In  the  State  quarries  they  are  not  less  than  five  feet  thick. 
In  the  upper  division  the  separate  courses  seldom  reach^  a  thickness  of 
one  foot. 

Throughout  the  entire  formation  Devonian  fossils  abound  in  great 
variety  and  in  great  numbers.  They  are  often  found  in  an  excellent 
state  of  preservation.  The  oldest  vertebrate  remaiois  of  the  Ohio  rocks 
are  found  in  the  Corniferous  limestone,  a  fact  which  gives  especial  in- 
terest to  it.  The  uppermost  bed  of  the  lower  or  Columbus  division  is, 
in  many  places,  a  genuine  "  bone  bed" ;  the  teeth  and  plates  and  spines 
of  ancient  fishes,  largely  of  the  nearly  extinct  family  of  ganoids,  consti- 
tuting a  considerable  portion  of  the  substance  of  the  rock.  Corals  of 
various  types  are  also  especially  abundant  and  interesting  in  this  lime- 
Etone.  In  fact,  the  formation  is  the  most  prolific  in  life  of  any  in  the 
Ohio  scale.  At  a  few  points  in  central  Ohio,  the  upper  division  ha& 
been  found  in  a  shaly  state  and  carrying  characteristic  fossils  of  the 
Marcellus  slate.  This  fact  was  first  noticed  in  its  true  significance  by 
Whitfield. 

9.    Thb  Hamilton  Shalb. — Olentangy  Shalb? 

Under  this  head  Newberry  has  recognized  fifteen  to  twenty  feet  of 
highly  fossiliferous  blue  ehale,  intervening  between  the  Corniferous 
limestone  and  the  black  shale.  He  finds  it  at  only  one  or  two  points 
in  northern  Ohio,  and  notably  at  Front's  Station,  seven  miles  south  of 
Sandusky.  The  fossils  found  here  are  all  of  Hamilton  age,  unmingled 
with  those  of  the  underlying  Corniferous  limestone. 

On  stratigraphical  grounds  it  seems  probable  that  the  Olentangy 
shale  of  Professor  N.  H.  Winchell  is  the  extension  and  equivalent  of 
Newberry's  Hamilton  shale.  The  Olentangy  shale  is  a  bed  of  blue 
calcareous  shale,  twenty  or  thirty  feet  in  thickness^  holding  exactly 
the  position  of  the  northern  Ohio  stratum,  but  is  almost  destitute 
of  fossils. '  It  is  found  in  a  few  sections  of  three  or  four  counties  in 
central  Ohio.  In  the  well-driller's  record  it  would  seem  likely  to  be 
classed  with  the  limestone  below  rather  than  with  the  black  shale 
above,  and,  as  already  suggested,  the  incorporation  of  this  element 
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might  easily  serve  to  expand  the  measurement  of  the  limestone  by  a 
small  amount. 

With  this  formation  the  great  limestones  of  Ohio  were  completed. 
While  they  are  built  into  the  foundations  of  almost  the  entire  state, 
they  constitute  the  surface  rocks  only  in  its  western  half.  The  Upper 
Silurian  and  Devonian  limestones  of  uur  scale,  which  were  formerly 
known  as  the  Cliff  limestone,  have  an  aggregate  thickness  of  750  to  1150 
feet  where  found  under  cover,  and  though  differences  exist  among  them 
by  which,  as  has  already  been  shown,  they  can  be  divided  into  four  or 
more  main  divisions,  there  is  still  no  reason  to  believe  that  any  marked 
change  occurred  in  the  character  of  the  seas  during  the  protracted 
periods  in  which  they  were  growing.  The  life  which  these  seas  con- 
tained was  slowly  changing  from  age  to  age,  so  that  we  can  recognize 
three  or  more  distinct  faunas  or  assemblages  of  animal  life  in  them. 
Differences  are  also  indicated  in  the  several  strata  as  to  the  depth  of  the 
water  in  which  they  were  formed,  and  as  to  the  conditions  under  which 
the  sedimentary  matter  that  enters  into  them  was  supplied,  but  no 
marked  physical  break  occurs  in  the  long  history.  No  part  of  the  entire 
series  indicates  more  genial  conditions  of  growth  than  those  which  the 
Devonian  limestone,  the  latest  in  order  of  them  all,  shows.  It  is  the 
purest  limestone  of  Ohio.  Foot  after  foot  of  the  formation  consists 
almost  exclusively  of  the  beautifully  preserved  fragments  of  the  life  of 
these  ancient  seas.  In  particular  the  corals  and  crinoids  that  make  a 
large  element  in  many  of  its  beds  could  only  have  grown  in  shallow  but 
clear  water  of  tropical  warmth. 

The  change  from  the  calcareous  beds  of  this  age  to  the  next  suc- 
ceeding formation  is  very  abrupt  and  well  marked,  as  much  so,  indeed, 
as  any  change  in  the  Ohio  scale. 

10.    The  Ohio  Shale. 

(Cleveland  Shale,  Erie  Shale,  Huron  Shale,  of  Newberry.) 
A  stratum  of  shale,  several  hundred  feet  in  thickness,  mainly 
black  or  dark-brown  in  color,  containing,  especially  in  its  lower 
portions,  a  great  number  of  large  and  remarkably  symmetrical 
calcareous  and  ferruginous  concretions,  and  stretching  entirely  across 
the  state  from  the  Ohio  Valley  to  the  shores  of  Lake  Erie,  with 
an  outcrop  ranging  in  breadth  between  ten  and  twenty  miles, 
has  been  one  of  the  most  conspicuous  and  well-known  features  of 
Ohio  geology  since  this  subject  first  began  to  be  studied.  It  separates 
the  great  limestone  series  already  described,  which  constitutes  the  floor 
of  all  of  western  Ohio,  from  the  Berea  grit,  which  is  the  first  sandstone 


24  GEOLOGY    OP    OHIO. 

reached  in  ascending  the  geological  column  of  the  state,  and  which,  in 
like  manner,  may  be  counted  the  floor  of  all  of  Eastern  Ohio.  By  the 
geologists  of  the  first  survey  it  was  designated  as  the  Shale  Stratum  or 
the  Black  Slate,  It  will  be  treated  in  this  report  under  the  designation 
Ohio  shale.  Newberry  divided  it  into  three  divisions,  which  he  named 
respectively  the  Cleveland,  the  Erie  and  the  Huron  shale.  He  based 
the  separation  of  the  hitherto  undivided  mass  in  part  upon  the  colors 
of  the  proposed  divisions,  the  Cleveland  and  the  Huron  being  counted 
black  shales,  and  the  Erie  greenish-blue.  The  names  Huron  and  Erie 
were  unfortunately  chosen,  for  both  are  liable  to  be  confounded  with 
current  names  of  other  geological  formations.  The  name  Huron  was 
adopted  from  Winchell,  but  a  very  different  range  was  assigned  to  it 
from  that  which  its  author  originally  claimed.  Winchell's  '*  Huron 
group"  extends,  in  his  own  words,  from  the  top  of  the  Devonian  lime- 
stones, '*  to  the  conglomerate  above  the  gritstones  of  Huron  county."  It 
is  thus  seen  to  include  Newberry's  Huron,  Erie,  Cleveland  and  Bedford 
shales,  together  with  the  Berea  grit  and  the  Cuyahoga  shale.  It  would 
have  served  the  interests  of  geological  classification  much  better  to  have 
replaced  the  term  altogether  than  to  have  thus  restricted  it  to  a  small 
fraction  of  what  it  was  originally  made  to  cover.  The  name  is  also 
likely  to  be  confused  with  the  Huronian  slates^  an  older  and  well-estab- 
lished division  of  the  Canadian  system  of  rocks. 

The  Erie  shale,  in  like  manner,  is  sure  to  be  confounded  with  the 
Erie  clay,  the  older  name  of  an  important  deposit  of  the  Glacial  epoch. 
Both  shale  and  clay  have  their  typical  exposures  in  the  same  localities, 
and  their  outcrops  are  not  dissimilar  in  appearance.  It  is  not  there- 
fore surprisinc;  that  the  names  should  be  confused  in  popular  use. 

But  aside  from  these  grounds  of  objection  to  the  particular  names 
employed,  the  classification  referred  to  is  itself  inconsistent  with  our 
present  knowledge  of  the  shale  formation.  We  have  records  by  the 
score  of  wells  drilled  through  the  shale  at  many  points  in  northern 
Ohio  during  the  last  few  years,  and  we  have  also  the  results  of  continued 
study  of  the  formation  in  its  outcrops.  The  facts  gathered  from  both 
of  these  lines  of  investigation,  not  only  fails  to  confirm  the  three-fold  divi- 
sion above  announced,  but  they  demonstrate  the  impossibility  of  applying 
to  the  shale  formation  any  system  of  classification  based  upon  the  color 
of  the  shales.  The  further  retention  of  the  divisions  above-named,  is 
therefore  a  hindrance  rather  th^n  a  help  in  the  study  of  our  geology. 
It  misleads  and  confuses  the  student.  The  formation  will  be  treated  in 
this  report  under  the  name  given  to  it  by  Shaler,  Ky.  Rep'ts,  vol.  III, 
p.  169. 
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10a.     The  Lower  Beds — Huron  Shale. 

The  Huron  shale  was  defined  by  Newberry  as  a  homogeneous  mass 
of  black,  bituminous  shale,  200  to  850  feet  in  thickness,  directly  over- 
lying the  limestone  series  already  described.  The  objection  to  this 
definition  is  that  there  is  no  such  mass  of  shale  in  Ohio.  The  mass  on 
which  the  main  statements  pertaining  to  the  Huron  rest,  and  which 
furnishes  nearly  all  of  the  examples  instanced,  is  the  shale  stratum  of 
central  and  southern  Ohio,  but  this,  as  has  been  elsewhere  shown  (see 
Ohio  Statistical  Report,  1879,  page  591),  is  not  merely  the  bottom 
portion  of  the  shale  series  of  northern  Ohio.  It  comprises  all  of  the 
elements  of  the  northern  section.  In  other  words,  the  so-called  Huron 
shale  of  central  Ohio  is  the  Cleveland,  Erie,  Huron  shale  of  northern  Ohio. 
It  is  not  a  homogeneous  mas  of  black  shale,  as  it  is  commonly  counted, 
but  beds  of  blue  or  greenish-blue  shale  are  frequently  interstratified 
with  the  prevailing  black  beds,  especially  in  the  middle  portion  of  the 
series,  'the  top  and  bottom  of  the  column  are  generally  black  shale,  and 
the  same  thing  is  true  in  northern  Ohio.  These  facts  show  the  grounds 
on  which  the  classification  now  referred  to  is  based,  but  the  objection  to 
it  is  that  no  line  of  division  can  be  drawn  between  the  Huron  and  Erie 
or  the  Erie  and  Cleveland  shales.  The  records  of  many  drilled  wells  in 
northern  Ohio  show  that  alternations  of  black  and  blue  shale  recur  not 
once  only,  but  many  times,  in  the  formation.  This  alternation  was 
recognized  by  Newberry  as  far  back  as  1872.  He  said  at  that  time  that 
the  Huron  shale  in  '4ts  northerly  outcrops  is  somewhat  interstratified 
with  the  overlying  Erie  shale."  (Geology  of  Ohio,  Vol.  1,  page  153). 
In  other  words,  there  is  no  line  of  division  between  the  so-called  forma- 
tions. Since  that  time  the  facts  bearing  on  the  question  have  been 
greatly  multiplied,  and  it  is  now  apparent  to  all  who  keep  acquainted 
with  them,  that  the  truth  of  geology  demands  the  abandonment  of  the 
proposed  three-fold  division  of  the  shale  series.  The  Huron  and  Erie 
divisions  are  especially  misleading,  and  therefore  objectionable.  These 
two  terms,  as  they  are  used,  cover  different  phases  of  the  same  forma* 
tion.  A  single  well  record  will  be  given  to  illustrate  the  character  of 
the  beds  traversed  by  the  drill  in  the  lower  half  of  the  shale  formation. 
The  record  of  one  of  the  wells  drilled  by  Mr.  J.  H.  Wade,  of  Cleveland, 
at  his  residence  on  Euclid  Avenue,  is  as  follows.  The  well-head  is  about 
seventy  feet  above  the  level  of  Lake  Erie : 

1.  Drift  beds WT 

%.  Blue  shale— dark W 

8.  Dark  or  black  shale «    4(K 

4.  Dark  shale .,    W 

6.  Dark  shale,  but  lighter  than  No.  4 4(K 
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6.  Gray  shale,  not  very  unlike  No.  6 ^    W 

7.  Black  shale l(/ 

8.  Gray  shale ^  IW 

9.  Black  shale— with  sporangitee ~    W 

10.  Gray  shale ^  6(K 

11.  Black  shale-Hsporangites  abundant W 

12.  Gray  shale « 66'     . 

18.  Black  shale— quite  dark W 

14.  Gray  shale : 8(K 

16.  Ldmestone. 

This  record  was  kept  with  care  and  intelligence,  and  washed 
samples  of  the  drillings  which  were  saved  verify  it  in  all  points.  It 
will  be  seen  that  of  the  lowermost  500  feet  of  the  bhale  formation  in 
which  the  "Huron"  must  certainly  be  included,  there  are  ninety-five 
feet  of  black  shale  in  four  divisions,  against  400  feet  of  gray  shale,  also 
in  four  divisions.  In  the  lowermost  300  feet,  thefe  are  eighty-five  feet 
of  black  against  215  feet  of  gray  shale* 

This  is  a  fairly  representative  section.  All  of  the  carefully  kept 
records  of  wells  drilled  through  the  shale  formation  show  a  similar 
alternation  and  thus  forbid  any  two-fold  or  three-fold  division  of  the 
series  on  the  basis  of  color,  at  least,  inasmuch  as  the  color  is  not  con- 
tinuous in  one  horizon. 

1ft?.     The  Upper-  Beds— Cleveland  Shale. 

The  Cleveland  shale  has,  it  is  true,  a  somewhat  better  chance  for 
survival  as  a  distinct  division  than  the  Erie  or  Huron.  There  is  a 
tolerably  distinct  upper  boundary  for  it,  inasmuch  as  a  belt  of  black 
shale  generally  underlies  by  50  to  100  feet  the  Berea  grit,  by  far  the 
best  landmark  in  this  part  of  the  scale,  the  interval  being  occupied  by 
the  Bedford  shale,  itself  a  well-characterized  formation.  In  some  sec- 
tions, however,  there  is  no  black  shale  at  the  point  where  the  Cleveland 
shale  belongs,  and  in  all  sections  the  lower  boundary  of  the  formation  is 
likely  to  be  uncertain,  unless  the  bottom  of  the  first  bed  of  black  shale 
found  below  the  Berea  grit  is  in  every  case  taken  for  the  bottom  of  the 
Cleveland  division,  as  Newberry's  scheme  requires.  If  this  is  done  the 
Cleveland  shale  must  stand  for  very  unequal  periods  of  geological  time, 
as  the  uppermost  black  bed  has  a  great  range  in  thickness.  It  often 
falls  to  thirty  feet  and  sometimes  exceeds  200  feet.  Newberry  counts  its 
normal  thickness  about  fifty  feet.  It  is  probably  the  larger  half  of  the 
great  black  shale  of  southern  Ohio.  It  is  this  element  that  proves  most 
persistent  in  the  southerly  extension  of  the  black  shale.  The  shale 
that  covers  the  LfOwer  Silurian  limestone  in  central  Kentucky,  is  the 
upper  or  Cleveland  division,  if  the  fossils  can  be  relied  on  to  settle  the- 
question. 
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The  mineral  basis  of  all  these  shales,  whether  black,  brown,  blue, 
gray  or  red,  is  essentially  one  and  the  same  thing,  viz.,  a  fine-grained 
clay,  derived  from  the  waste  of  distant  land.  As  supplied  to  the  sea 
basin  it  was  originally  blue  or  gray,  but  a  small  percentage  of  peroxide 
of  iron  goes  a  great  way  in  coloring  such  deposits  red,  and  in  like  man- 
ner, organic  matter  in  comparatively  small  amount  gives  them  a  dark 
or  black  color.  The  oi'ganic  matter  that  colors  these  shales  was  prob- 
ably derived  in  large  part,  as  Newberry  has  suggested,  from  the  products 
of  growth  and  decay  of  sea-weeds  by  which  these  seas  were  covered  like 
the  Sargasso  seas  of  our  own  day. 

These  organic  matters  seem  to  have  accumulated  along  the  shores 
and  in  shallow  water  in  greater  quantity  than  in  the  deeper  seas.  Hence, 
if  the  section  of  these  shale  deposits  is  taken  near  the  old  shore-lines, 
or  where  shallow  wftter  occurred,  a  larger  proportion  is  black,  than  if 
the  more  central  areas  are  examined.    The  only  land  of  Ohio  at  this 
time  was  to  be  found  in  and  along  the  Cincinnati  axis,  a  low  fold  that 
had  entered  the  state  from  the  southward  at  the  close  of  Lower  Silurian 
time,  and  that  had  been  slowly  extending  itself  northwards  through 
the  succeeding  ages.    Southwestern  Ohio  was  already  above  water,  a 
low  island  in  the  ancient  gulf.    But  the  shales  on  their  western  out- 
crop, where  they  are  largely  black,  are  exactly  equivalent  in  age  to  the 
alternating  beds  of  black  and  blue  shale,  the  latter  being  in  large  ex- 
cess, that  were  forming  at  this  time  in  the  central  parts  of  the  basin, 
viz.,  in  eastern  Ohio.   The  color  of  the  shales  is,  in  this  view,  an  accident, 
and  cannot  be  safely  used  as  a  ground  of  division.    The  entire  shale 
formation  that  we  are  considering  seems  to  have  been  laid  down  with- 
out physical  break  or  interruption.    It  must  have  required  an   im- 
mensely long  period  for  its  accumulation.    This  is  shown  not  only  by 
the  fineness  and  uniformity  of  the  materials  which  compose  it,  and 
which  could  not  have  been  rapidly  supplied,  and  by  the  great  thickness 
of  the  formation  in  eastern  Ohio,  but  also  by  the  geological  equivalents 
of  the  shale  in  the  general  column  which  furnish  even  more  convincing 
proof  as  to  its  long  continued  growth.    The  Ohio  shale,  as  Newberry"! 
has  shown,   is  certainly  the  equivalent  in  the  general  scale  of  the  j 
Genessee  slate,  the  Portage  group  and  the  Chemung  group,  the  last  { 
named  being  itself  a  formation  of  great  thickness  and  extent.    In  other  I 
words,  the  shales  of  our  column  bridge  the  interval  between  the  Hamii-  ; 
ton  proper  and  the  Catskill  group,  and  in  the  judgment  of  some  geolo-  ' 
gists,  a  wider  interval  even  than  that  named  above.    As  Newberry  was  | 
the  first  to  show,  the  oil  sands  of  Pennsylvania  are  banks  of  pebble  rock  : 
that^are  buried  in  the  eastward  extension  of  the  Ohio  shale,  but  which 
make  no  sign  within  our  own  limits. 
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But  while  definite  boundaries  for  the  division  proposed  cannot  be 
laid  down  or  applied  within  the  shale  formation,  the  facts  that  the  top 
and  the  botton  of  the  column,  on  their  western  outcrops,  are  prevailingly 
black,  and  that  the  middle  of  the  series  is  oftener  interrupted  with 
light-colored  beds  are  important  ones  in  the  history  of  the  formation 
and  deserve  to  be  held  in  mind.  From  what  has  been  already  stated,  it 
is  seen  that  the  composition  and  thickness  of  the  shale  series  depend  on 
where  it  is  measured,  whether  on  the  border  of  the  formation  or  in  the 
interior  of  the  old  sea-basin  in  which  it  was  formed.  On  the  western 
border  of  the  shales  in  southern  Ohio,  in  Highland  county,  for  example, 
the  interval  between  the  Upper  Silurian  limestone,  on  which  the  shales 
here  rest  by  overlap,  and  the  Berea  grit  is  300  feet.  In  Boss  county, 
the  same  interval  is  nearly  400  feet.  From  both  of  the  measurements, 
fifty  feet  must  be  deducted  for  the  thickness  of  the  Bedford  shale  in 
order  to  give  the  real  thickness  of  the  series  now  under  consideration. 
In  the  sections  named  the  shales  are  mainly  black,  although  blue  beds 
are  still  recognizable  in  the  series.  Passing  northwards  to  Crawford 
county,  the  series  is  found  about  450  feet  thick.  In  Lorain  county,  at 
Elyria,  it  is  about  950  feet,  and  at  Cleveland,  about  1,350  feet,  while  in 
Tuscarawas  county  the  drill  has  recently  descended  through  1,860  feet 
of  alternating  beds  of  blue  and  black  shale  without  reaching  the  bottom 
of  the  series,  and  in  the  Ohio  Valley,  at  Wellsville,  through  2,600  feet 
of  shales  without  reaching  bottom.  In  the  last  two  sections,  the  blue 
shales  decidedly  preponderate,  though  the  separate  black  beds  can  be 
counted  by  the  score. 

Fossils  of  the  Shales. 

The  shales  are  for  the  most  part  poor  in  fossils,  except  in  those  of 
microscopic  size.  Banks  representing  scores  of  feet  in  the  vertical 
column  often  fail  to  reward  the  most  careful  search  with  a  single  speci- 
men of  vertebrate,  moUuscan  or  articulate  life,  and  so  far  as  the  unaided 
eye  is  concerned,  they  are  almost  equally  barren  of  vegetable  remains. 
Occasionally,  however,  fossiliferous  bands  are  found,  the  contents  of 
which  serve  to  determine  the  geological  age  and  equivalence  of  the 
portion  of  the  series  in  which  they  occur. 

A  calcareous  band  near  the  bottom  of  the  series  at  Bainbridge,  Ross 
county,  has  yielded  TefnJtaculUes  fissurellay  a  Hamilton  fossil,  and  a  new 
species  of  Mdocrinus,  A  band  of  similar  character  near  Defiance,  and 
in  the  same  part  of  the  column,  yield  a  Chonetes^  probably  speciosa,  in 
abundance,  but  not  in  a  very  good  state  of  preservation.  Newberry 
reports  from  northern  Ohio  dymenia  complanata,  Chonetes  speciosa^  Ortho- 
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ceras  aciculum  and  a  Leiorhynchus  in  some  of  the  lower  beds  of  the  shale. 
The  first-named  form  is  counted  characteristic  of  the  Portage  group  of 
New  York. 

The  Erie  shale  of  Newberry,  embracing  the  central  and  most  of  the 
upper  portion  of  the  shale  column,  has  yielded  a  somewhat  larger  list 
of  fossils  at  a  few  points  in  Northern  Ohio.  Among  them  may  be  named 
Spirifera  dif^juncta,  Spirifera  alia  and  Leiorhynchus  mesacoatalis^  from  which 
Newberry  determined  the  age  of  the  beds  to  be  Chemung,  a  determina- 
tion of  great  importance  in  Ohio  geology.  In  higher  beds  of  the  same 
blue  shale,  he  found,  at  a  few  points,  forms  that  are  referred  to  the  Sub- 
carboniferous,  as  Syringothyria  typa  and  Macrodon  Hamiltoniss.  Counting 
this  the  boundary  line  between  the  Devonian  and  Sub-carboniferous,  he 
took  what  he  deemed  the  first  identifiable  horizon  above  as  the  base  of 
the  last-named  division,  and  accordingly  drew  the  line  at  the  base  of 
the  so-called  Cleveland  shale.  This  boundary  is  not  a  definite  one,  as 
subsequent  investigations  have  shown,  but  the  top  of  the  upper  black, 
or  Cleveland  shale,  would  answer  fairly  well  for  this  purpose.  It  is  the 
first  mark  that  has  any  claims  to  persistency  above  the  beds  that  hold 
the  fossils  already  named.  The  fossils  of  the  black  shale  proper  offer  no 
serious  difficulty  in  the  way  of  extending  Devonian  time  to  the  upper 
limit  of  the  stratum,  and  this  boundary  is  consequently  assumed  as  the 
only  one  that  can  be  made  practically  serviceable. 

Since  making  the  division  referred  to  above,  Newberry  has  intro- 
duced a  somewhat  radical  change  into  the  whole  system,  by  referring 
the  Chemung  group,  and  consequently  its  equivalent,  the  middle  portion 
of  the  Ohio  shale,  to  the  Sub  carboniferous,  while  the  Portage  beds  are 
classed  as  Hamilton.  (See  Article  New  York,  Encyclopedia  Britannica, 
Vol.  XVII.)  There  is  no  possibility  of  applying  such  a  boundary  to 
Ohio  geology  in  a  practical  way.  To  apply  it  we  should  need  to  use  a 
line  which  no  man  knows,  viz.,  the  lower  boundary  of  the  Erie  shale. 

The  Cleveland  shale,  limiting  the  term  to  the  highest  bed  of  black 
shale  in  the  series,  and  which  is  about  fifty  feet  thick  at  various  points 
near  Cleveland,  contains  a  few  fossils,  most  of  which  are  quite  small. 
The  most  abundant  and  characteristic  are  the  enameled  scales,  small 
and  lozenge  shaped,  of  a  species  of  Paleoniscus,  Lingula  and  Discina 
occur  here  in  considerable  numbers  frequently.  The  microscopic  fossils 
called  conodontSy  are  also  quite  abundant. 

The  most  striking  and  remarkable  fossils,  at  once  of  the  shale  for- 
mation and  of  the  entire  scale  of  Ohio,  remain  to  be  named.  They  are 
the  great  fishes,  which  have  been  described  under  several  genera  and 
species,  by  Newberry.  Some  of  them  belong  to  the  basal  beds  of  the 
black  ehale  (Huron),  and  others  near  the  summit  (Cleveland).    The 
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first  of  the  series  were  found  at  the  centers  of  the  great  concretions  that 
have  been  already  named  as  characteristic  of  the  formation. 

Brief  mention  must  be  made  of  the  vegetable  fossils  of  the  shales. 

Fossil  wood,  derived  from  ancient  pine  trees  of  the  genus  Dadoxylorij 
is  quite  common  in  the  lower  beds  (Huron).  The  wood  is  silicified  and 
the  original  structure  is  admirably  preserved.  This  wood  is  sometimes 
found,  like  the  fish  remains  already  noted,  at  the  hearts  of  the  concre- 
tions, but  occasionally  large  sized  blocks  are  found  free  in  the  shale. 
On  account  of  its  enduring  nature  it  is  often  found  in  those  beds  of 
glacial  drift  that  have  been  derived  largely  from  the  destruction  of  the 
shales* 

Strap-shaped  leaves,  presumably  of  sea- weeds,  are  occasionally  found 
upon  the  surfaces  of  the  shale  layers.  Sometimes  they  form  thin  layers 
of  bright  coal  which  deceive  the  ignorant*  Fossil  rushes,  of  the  genus 
Calamites,  are  also  occasionally  met  with. 

But  the  forms  already  named  are  of  small  account,  so  far  as  quan- 
tity is  concerned,  when  compared  with  certain  microscopic  fossils  that 
are,  with  little  doubt,  of  vegetable  origin,  and  which  are  accumulated 
in  large  amount  throughout  the  black  beds  of  the  entire  shale  formation, 
composing,  sometimes,  a  notable  percentage  of  the  substance  of  the 
rock,  and  apparently  giving  origin,  to  an  important  extent,  to  the  bitu- 
minous character  of  the  beds. 

The  leading  forms  of  these  microscopic  fossils  are  translucent,  res- 
inous discs,  ranging  in  long  diameter  from  -^  to  -^  of  an  inch.  Sev- 
eral varieties  have  already  been  noted,  depending  on  the  size,  particular 
shape  and  surtace  markings  of  these  bodies. 

They  were  first  discovered  by  Mr.  B.  W.  Thomas,  an  expert  micro- 
scopist,  in  the  water-supply  of  Chicago,  which  is  derived  from  Lake 
Michigan,  and  Mr.  Thomas  afterwards  learned  that  they  were  washed 
by  the  water  from  the  bowlder  clays  that  compose  the  banks  and  bottom 
of  the  lake.  He  found  the  discs  present  in  fragments  of  black  shale, 
and  also  free  in  the  clay  which  was  derived  from  the  comminution  of. 
the  shale. 

They  were  afterwards  rediscovered  in  the  black  shale  of  Kettle 
Point,  Lake  Huron,  by  Professor,  now  Sir  William  Dawson,  who  pub- 
lished a  description  of  the  form  here  found  under  the  name  Sporangitea 
Suronenaia.  Sir  William  counted  them  at  this  time  the  spore-cases  of 
some  lycopodiaceous  tree. 

Still  later,  they  were  found  in  the  drillings  of  a  deep  well  in  Kings- 
ville,  Ashtabula  county,  Ohio,  and  this  discovery  was  independent  of 
those  previously  made.    The  drillings  that  contained  them  came  from 
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about  1,000  feet  below  the  surface.  It  was  soon  after  learned  that  they 
are  universally  distributed  throughout  our  black  shales.  The  facts  per- 
taining to  them  have  of  late  been  more  widely  published,  and  the 
attention  of  geologists  in  various  parts  of  the  world  has  been  called  to 
these  and  similar  forms,  and  thus  there  is  the  promise  of  a  speedy 
enlargement  of  our  knowledge  in  regard  to  them.  Sir  William  Dawson 
now  considers  the  common  forms  to  be  the  spore-cases  of  rhizocarps 
allied  to  Salvinia  of  the  present  day.  This  identification  would  refer 
these  bodies  to  floating  vegetation  on  the  surface  of  the  seas  in  which 
the  shales  were  formed,  and  is  thus  directly  in  line  with  the  sagacious 
interpretation  of  Newberry,  who  many  years  ago  attributed  the  origin 
of  these  black  shales  to  Sargasso  seas. 

In  the  accompanying  cut,  the  appearance  of  the  spores  as^seen 
opaque  under  the  microscope,  is  shown.  No.  1  represents  forms  that  are 
7^,  No.  2,  7^,  and  No.  3,  -^  of  an  inch  in  diameter. 
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As  illustrative  of  their  universal  distribution  through  the  upper 
portion  of  the  black  shale,  the  following  fact  may  be  considered :  frag- 
ments of  the  shale  were  taken  from  a  section  near  the  summit  of  the 
series  in  Ross  county,  at  intervals  of  five  feet  for  100  feet  of  ascent. 
Every  specimen  showed  the  forms  distinct,  and  on  a  number  of  them 
they  were  very  abundant.  In  the  lower  beds  they  seem  equally  abun* 
dant,  but  few  samples  of  the  snale  being  found  which  will  not  reveal 
these  fossils  on  proper  examination.  In  many  cases  the  spores  are  in  a 
fragmentary  state,  though  still  determinable. 

There  is,  however,  in  the  shales  a  large  amount  of  organic  matter 
in  which  distinct  structure  is  not  found.  The  source  of  this  larger 
portion  of  the  bituminous  matter  of  the  shales  would  naturally  seem  to 
be  the  same  vegetable  growths  from  which  the  spores  were  derived. 
Such  spores,  as  is  well  known,  resemble  resin  in  character,  and  are 
much  more  enduring  than  any  other  portions  of  the  plant  which  pro- 
duces them. 

The  fact  that  in  the  recurring  beds  of  black  shale,  which  are  shown 
in  the  drillings  of  deep  wells  and  elsewhere,  the  spores  are  always  found 
and  nowhere  else,  seemq  to  connect  them  with  the  bituminous  character 
of  the  beds  in  an  important  way.  They,  in  connection  with  the  vege- 
tation which  produced  them,  are  apparently  the  source  of  this  bitumi- 
nous matter. 

Composition  of  the  Shake. 

The  chemical  composition  of  the  shales  is  seen  in  the  following 
analysis,  made  from  an  ordinary  sample  of  the  black  beds  of  the  upper 
division  (Cleveland,  of  Newberry),  as  found  at  Columbus:    (Lord.) 

Silicic  acid 60.36 

Alumina  and  oxide  of  iron.. 21.20 

Carbonate  of  lime 2.95 

Carbonate  of  maKnesia.. 8.33 

Volatile  and  organic  matter 10.70 

Moisture 70 

Total 99.23 

There  is  also  a  little  sulphur  that  is  in  combination  with  the  iron. 

The  most  important  element  in  the  shales,  so  far  as  our  present  pur- 
poses are  concerned,  is  their  bituminous  matter,  for  it  is  this,  as  will  be 
shown  on  a  subsequent  page,  to  which  we  must  refer  the  origin  of  the 
main  supplies  of  the  petroleum  and  natural  gas  in  eastern  Ohio. 

No  apology  is  needed  for  devoting  so  much  time  to  this  great  shale 
formation.    A  clear  idea  of  its  structure  and  composition  is  essential  to> 
an  understanding  of  the  geology  of  oil  and  gas  in  Ohio. 
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11.    The  Wavbrly  Group. 


The  important  mass  of  sediments  of  Subcarboniferous  age,  which 
is  known  in  Ohio  and  in  some  adjoining  states  as  the  Waverly  group, 
comes  next  in  the  column.  The  name  Waverly  was  given  to  these  strata 
by  the  geologists  of  the  first  survey,  from  the  fact  that  at  Waverly,  in 
the  Scioto  Valley,  excellent  sandstone  quarries  were  opened  in  them, 
the  products  of  which  were  quite  widely  distributed  throughout  central 
and  southern  Ohio,  as  far  back  as  fifty  years  ago.  Associated  with  the 
sandstone  at  this  locality,  and  everywhere  throughout  the  district,  were 
several  other  strata  that  were  always  counted  as  members  of  the  group 
by  the  geologists  who  gave  the  name*  In  fact,  the  boundaries  were 
made  definite  and  easily  applicable.  The  Waverly  group  extended,  by 
its  definition  and  by  unbroken  usage  in  our  early  geology,  from  the  top 
of  the  great  black  shale  (Cleveland  shale),  to  the  Coal  Measure  con- 
glomerate. This  latter  element  was,  in  a  part  of  the  field,  confused  with 
the  Waverly  conglomerate,  afterwards  recognized  and  defined  by  An- 
drews, until  a  recent  date,  it  is  true,  but  the  intent  of  the  geologists  is 
apparent,  and  many  of  their  sections  were  complete  and  accurate.  If 
the  term  Waverly  is  to  be  retained  in  our  classification,  and  it  bids  fair 
to  be,  every  interest  will  be  served  by  recognizing  and  retaining  the 
original  boundaries.  The  departure  from  them  that  has  been  proposed 
has  led  already  to  great  confusion.  To  make  the  Cleveland  shale  the 
base  of  the  Waverly  is,  as  has  been  already  shown,  to  turn  the  entire  shale 
stratum  into  a  no-man's  land.  Aside  from  a  few  sections  in  northern 
Ohio,  where  an  arbitrary  limit  was  fixed  for  this  upper  division,  there 
is  no  place  in  the  state  where  a  line  can  be  drawn  with  any  approach 
to  certainty  between  Cleveland  and  Erie  or  between  Erie  and  Huron. 
The  plan  was  proposed  before  the  true  equivalence  of  the  northern  and 
southern  ends  of  the  column  had  been  established.  If  the  fact  that  the 
Cleveland  shale  of  northern  Ohio  forms  the  top  of  the  great  shale  of  central 
and  southern  Ohio  had  been  known,  certainly  no  proposal  would  have 
been  made  to  break  into  this  undivided  and  indivisible  series  which  had 
been  held  to  underlie  the  Waverly  group  ever  since  the  name  was  first 
applied. 

11a.     The  Bedford  Shaie, 

At  Waverly  and  in  its  vicinity,  numerous  sections  are  afforded 
reaching  from  the  black  shale  to  the  Waverly  sandstone  courses.  Thi» 
interval  ranges  from  fifty  to  ninety  feet  in  thickness,  and  its  boundaries 
are  generally  very  clear  and  distinct.    It  is  occupied  with  shales,  for 

8       G. 
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the  mo8t|part  light-blue  or  gray,  but  sometimes  reddened  with  peroxide 
of  iron  in  the  lower  portion.  The  latter  phase  is  seen  in  the  excellent 
section  found  at  Piketon.  These  shales  are  thin-bedded,  occasionally 
interrupted  with  fine-grained  sandstone  courses,  and  sometimes  carrying 
very  ungainly  nodular  masses  of  the  same  material,  apparently  shaped 
by  a  rough  concretionary  force.  The  beds  are  almost  entirely  destitute 
of  fossils,  aside  from  the  burrows  of  sea-worms,  which  are  found  on  the 
surfaces  of  most  of  the  layers,  and  often  with  great  sharpness  of  outline. 
All  the  layers,  and  especially  the  upper  ones,  are  likely  to  be  ripple- 
marked.  In  many  instances,  every  sheet,  for  many  successive  feet,  is 
marked  with  most  symmetrical  scuipturings  of  this  sort. 

This  stratum,  thus  definitely  characterized  and  bounded,  received 
the  name  of  the  Waverly  shale  in  the  reports  of  the  second  Geological 
Survey,  but  in  northern  Ohio  it  was  named  by  Newberry  the  Bedford 
shale,  the  equivalence  of  the  strata  not  being  at  that  time  recognized. 
The  latter  name  deserves  to  be  universally  accepted,  being  applied  to  a 
perfectly  distinct-  and  homogeneous  formation.  The  stratum  has  pre- 
cisely the  same  boundaries  in  northern  that  it  has  in  southern  Ohio, 
viz.,  the  top  of  the  great  black  shale  (Cleveland)  and  the  Berea  Grit, 
and,  in  the  main,  precisely  the  same  characteristics  throughout  its  whole 
extent.  The  description  of  the  stratum  at  Waverly  applies  to  it  at 
every  other  point,  except  that  in  northern  Ohio  at  a  few  localities,  and 
especially  about  Cleveland,  there  are  fifteen  to  twenty  feet  of  valuable 
stone  included  in  it.  This  stone  is  even-bedded,  very  strong  and  dura- 
ble, and  it  supplies  a  large  quantity  of  flaggings,  caps  and  sills,  of  the 
best  grade.  It  is  known  as  the  East  Cleveland,  Euclid  and  Indepen- 
dence blue-stone.  In  northern  Ohio,  more  of  the  formation  is  red-col- 
ored than  in  southern,  and  here  it  is  the  top  of  the  formation  rather 
than  the  bottom  that  is  thus  marked.  In  the  lower  beds  of  the  Bedford 
shale  fossils  are,  in  northern  Ohio,  at  a  few  points,  abundant.  They 
are  of  pronounced  Subcarboniferous  character,  comprising  Syringothyris 
typa,  Hemiprordtea  crenietridj  Chonetea  Logan%  Orthis  Michdinif  Spiriferina 
solidorostriSf  and  others  of  like  association.  None  of  these  fossils  have 
been  reported  south  of  the  lake  shore,  but  the  stratigraphical  relations 
of  the  shale  are  so  clear  and  its  lithological  characteristics  so  pro- 
nounced, that  there  is  not  a  stratum  in  our  geological  column  that  can 
be  followed  across  the  state  in  more  easily  demonstrated  identity  than 
this. 

The  only  source  of  confusion  pertaining  to  it  is  found  in  the  records 
of  the  drillers  of  oil  and  gas  wells.  Where  they  reach  this  stratum  un- 
der deep  cover,  it  is  generally  counted  in  with  the  underlying  Ohio 
shale.    They  pass  from  the  sharp  grit  of  the  Berea  into  soft  drilling 
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and  count  this  element  as  but  one  of  the  many  alternations  in  color 
that  are  found  for  many  hundred  feet  in  this  part  of  the  section. 

116.     The  Berea  Orit. 

We  have  reached  in  our  review  the  Berea  grit,  the  second  element 
of  the  Waverly  series,  and  not  only  the  most  important  member  of  the 
series,  but  by  far  the  most  important  single  stratum  in  the  entire  geo- 
logical column  of  Ohio.  Its  economic  value  above  ground  is  great,  but 
it  is  greater  below.  In  its  outcrops  it  is  a  source  of  the  finest  building 
stone  and  the  best  grindstone  grit  of  the  country,  and  when  it  dips 
beneath  the  surface  it  becomes  the  repository  of  invaluable  supplies  of 
petroleum,  gas  and  salt-water.  Its  persistence  as  a  stratum  is  phe- 
nomenal. Seldom  reaching  a  thickness  of  fifty  feet,  its  proved  area  in 
Ohio  above  ground  and  below,  is  scarcely  less  than  15,000  square  miles, 
and  beyond  the  boundaries  of  Ohio  it  extends  with  continuity  and 
strength  unbroken  into  at  least  four  other  adjacent  states.  As  a  guide 
to  the  interpretation  of  our  series,  and  especially  as  a  guide  in  our  sub- 
terranean geology,  it  is  invaluable. 

The  stratum  was  named  by  Newberry  from  the  village  of  Berea, 
Cuyahoga  county,  where  the  largest  and  most  important  quarries  of  the 
formation  are  located.  The  name  is  the  most  appropriate  that  could 
have  been  selected  for  this  stratum,  and  inasmuch  as  it  has  priority  in 
all  fields,  it  ought  to  be  made  to  supersede  all  others. 

From  what  has  already  been  stated,  it  will  be  seen  that  the  Berea 
grit  and  the  Waverly  quarry-stone  of  southern  Ohio  are  one  and  the 
same  sheet  of  sandstone.  This  identity  was  missed  for  a  long  while  in 
the  study  of  our  geology,  and  a  wrong  order  of  arrangement  found 
temporary  acceptance.  The  resulting  dislocation  of  our  Subcarbonifer- 
ous  series  brought  into  all  our  work  upon  it  an  element  of  confusion 
that  is  scarcely  yet  eliminated. 

The  Berea  grit,  as  seen  in  outcrop,  is  a  sandstone  of  medium 
grain  in  northern  Ohio  and  of  fine  grain,  from  the  center  of  the  state 
southward.  In  northern  Ohio,  it  contains  one  pebbly  horizon  over  a 
considerable  area,  but  the  seam  id  thin  and  the  pebbles  are  small.  The 
stratum  is  sometimes  false-bedded  and  sometimes  remarkably  even  in 
its  bedding-planes.  Its  main  beds,  or  sheets,  have  a  maximum  thick- 
ness of  six  feet,  but  this  is  an  unusual  measure  and  is  seldom  reached. 
It  ranges  in  thickness  from  6  to  170  feet,  and  it  very  rarely  fails  al- 
together from  the  sections  in  which  it  is  due. 

Like  the  Bedford  shale  below  it,  it  stands  for  an  old  shore-line, 
many  of  its  surfaces  being  ripple-marked  and  worm-burrows  abounding 
in  its  substance. 
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It  is  peer  in  fossils,  but  not  entirely  destitute  of  them.  Several 
species  of  lAnguia  have  been  found  in  it,  and  a  few  lamellibranch  shells 
also.  Fishremains  are  the  most  conspicuous,  but  by  far  the  rarest  of 
the  forms  that  it  contains.  Plant  impressions  are  also  unusual  through 
most  of  the  formation,  but  in  northeastern  Ohio  there  is  a  certain  part 
of  the  stratum  in  which  they  are  quite  abundant.  Throughout  the 
great  quarry  district  the  material  of  which  the  stratum  is  composed  is 
as  clean  sand  as  can  be  found  on  any  sea  beach.  It  grows  more  impure 
as  its  sand  grows  finer  in  grain  in  central,  and  especially  in  southern 
Ohio.    A  small  percentage  of  clay  is  held  in  it  at  most  points. 

Under  cover,  it  retains  the*  same  characteristics  as  to  composition 
that  it  possesses  above  ground,  ranging  from  fine  to  middling  grain  and 
very  seldom  showing  pebbles.  It  has  been  proved  by  many  hundred 
borings  in  southeastern  Ohio  during  the  last  few  years,  and  its  compo- 
sition there  is  almost  as  well  known  as  in  its  outcrops. 

lie.     The  Berea  Shale — Waverly  Black  Shale  of  Andrews. 

A  bed  of  dark,  often  black  shale,  fifteen  to  fifty  feet  in  thickness, 
makes  the  constant  and  immediate  cover  of  the  Berea  grit  throughout 
its  entire  extent  in  Ohio.  The  shale  is  highly  fossiliferous.  It  contains 
Lingula  mdie  and  Discina  Newberryi^  almost  everywhere,  and  at  many 
points  it  is  crowded  with  fish-remains,  becoming,  in  fact,  a  true  bone- 
bed.  Species  of  OladodvSy  Orodua  and  Ctenacanthua  have  been  already  de- 
scribed from  it.  Conodonta  are  very  abundant  in  it.  The  bottom  layer, 
which  is  especially  rich  in  fossils,  is  very  hard  and  stubborn,  being  com- 
posed of  sand  bound  together  with  pyrites.  It  is  often  referred  to  the 
sandstone  below  rather  than  to  the  shale  above,  but  its  fossils  and  its 
bituminous  character  favor  the  reference  here  given,  inasmuch  as  it  marks 
new  conditions  in  the  history  of  these  beds. 

The  stratum  was  first  described  by  Andrews  under  the  name  of  the 
Waverly  black  shale,  the  typical  outcrop  being  found  at  Rockport,  on  the 
Ohio  River,  but  about  the  same  time  Meek,  who  was  studying  its  fossils 
in  northern  Ohio,  introduced  the  designation  Berea  shale.  (Pal.,  Vol. 
II,  Plate  XIV.)  The  latter  name  is  clearly  preferable  and  ought  to 
obtain  currency. 

Its  southern  outcrops  were  mistaken  by  Newberry  for  the  Cleve- 
land shale,  and  the  fossils  found  in  it  were  credited  to  the  latter  stratum, 
and  thus  a  good  deal  of  confusion  prevails  in  the  published  statements 
upon  this  part  of  the  Waverly  series. 

In  southern  and  central  Ohio,  and  indeed  in  almost  all  of  its  out- 
crops, the  boundaries  of  the  Berea  shale  are  sharp  and  perfectly  distinct. 
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The  Berea  grit  is  its  base,  and  the  blue  beds  of  the  Cuyahoga  shale 
overlie  it.  In  Cuyahoga  county,  however,  and  eastward,  the  upper 
limit  cannot  always  be  fixed  with  precision,  neither  the  dark-color  nor 
the  fossils  of  the  shale  disappearing  abruptly,  but  both  gradually  di- 
minishing. There  are,  however,  twenty  to  forty  feet  that  always  de- 
serve to  be  counted  here. 

When  struck  by  the  drill  under  cover  the  formation  yields  uni- 
formly a  similar  line  of  facts  to  that  already  reported.  Of  the  records 
of  the  many  hundred  wells  that  have  been  carried  down  to  and  below 
this  hori2on  in  southern  Ohio  and  in  adjacent  territory  during  the  last 
few  years,  there  has  not  a  single  one  been  found  that  has  failed  to  give 
a  place  to  this  little  band  of  black  shale.  Its  services  in  setting  in 
order  our  Subcarboniferous  geology  have  been  simply  invaluable.  It  is 
wanting  at  a  few  points  in  northern  central  Ohio  apparently. 

The  Berea  shale  contains  a  larger  percentage  of  bituminous  matter 
than  the  Ohio  shale,  the  amount  sometimes  reaching  24  per  cent.  It  is 
a  source  of  petroleum  on  a  small  scale,  as  is  shown  by  the  fact  that  in 
southern  Ohio  an  important  ledge  of  sandstone  that  belongs  just  above 
it  is  often  found  saturated  with  a  tar-like  oil,  derived  from  this  source. 

lid.     The  Ouyahoga  Shale. 

It  is  impossible  to  retain  for  this  great  division  of  the  Waverly  the 
limits  assigned  to  it  by  Newberry  when  he  gave  it  its  name.  He  made 
it  fill  the  entire  interval  between  the  Berea  grit  and  the  Coal  Measure 
conglomerate,  and  according  to  present  knowledge,  at  least  three  dis- 
tinct elements  are  to  be  found  in  every  normal  section  of  this  interval. 
One  of  them  has  already  been  described,  viz.,  the  Berea  shale,  cut  off 
from  the  foot  of  the  column.  Another,  and  a  much  more  conspicuous 
element  must  be  taken  off  from  the  top  of  the  column,  viz.,  the  Logan 
group.  But  there  still  remain  160  to  400  feet  of  a  perfectly  distinct, 
homogeneous  and  most  persistent  formation  that  deserves  a  name  as 
much  as  the  Berea  grit  itself,  or  any  other  stratum  in  the  Ohio  scale, 
and  for  which  no  more  suitable  name  could  be  found  than  that  which  it 
already  bears,  viz.,  Cuyahoga  shale. 

It  consists  of  light-colored,  argillaceous  shales,  which  are  often 
replaced  with  single  courses  of  fine-grained  sandstone,  blue  in  color,  and 
in  southern  Ohio  weathering  to  a  brownish-yellow.  As  a  constant 
characteristic,  there  are  found  through  the  shales,  flattened  nodules  of 
impure  iron  ore,  concretionary  in  origin,  and  often  having  white  cal- 
careous centers. 

By  good  rights  the  shale  should  suffer  one  more  reduction  at  its 
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lower  extremity.  Everywhere  throagh  the  state  there  is  found  directly 
above  the  Berea  shale,  or  at  a  short  remove  from  it,  a  number  of  courses 
of  fine-grained  stone.  These  courses  are  sometimes  separated  from  each 
other  by  beds  of  shale,  or  they  may  be  compacted  into  a  single  stratum. 
The  individual  courses  also  vary  greatly  in  thickness,  and  in  color  and 
general  characters.  Throughout  southern  Ohio,  and  particularly  in 
Ross,  Pike  and  Scioto  counties,  the  stratum  yields  freestone.  It  is  best 
known  from  its  outcrops  on  the  Ohio  river  at  Buena  Vista,  where  it  has 
long  been  very  extensively  worked  for  Cincinnati  and  other  river 
markets.  The  Buena  Vista  stone,  at  its  best,  is  one  of  the  finest  build- 
ing stones  of  the  country.  The  same  horizon  yields  excellent  stone 
near  Portsmouth,  Lucasville  and  Waverly.  It  is  known  as  the  Waverly 
brown  stone  at  the  latter  point. 

Northward,  through  the  state,  stone  of  more  or  less  value  is  found 
in  the  bottom  courses  of  the  Cuyahoga,  but  in  Trumbull  county,  near 
Warren,  the  horizon  acquires  extreme  importance  as  the  source  of  the 
finest  natural  flagging  that  is  found  in  our  markets. 

It  would  have  been  well  if  the  thirty  or  forty  feet  containing  these 
courses  had  been  cut  ofi*  from  the  Cuyahojica  shale,  in  which  case  the 
division  thus  formed  would  have  been  well  named  the  Buena  Vista 
stone,  but  inasmuch  as  the  series  does  not  absolutely  require  the  change^ 
it  is  left  unmodified.  As  will  be  presently  shown,  the  Sharpsville  sand- 
stone of  White  (Second  Penna.  Survey),  belongs  to  this  horizon,  and  is 
the  proper  equivalent  of  the  Buena  Vista  stone. 

There  are  a  few  sections  in  which  the  Cuyahoga  shale  is  more  largely 
replaced  by  these  freestone  layers  than  in  the  general  account  above 
given.  In  the  cuts  of  the  Marietta  and  Cincinnati  Railroad,  east  from 
Chillicothe,  the  freestone  appears  to  constitute  a  notable  percentage, 
perhaps  fifteen  or  twenty,  of  the  whole  material.  There  are  other  points 
at  which  the  stone  has  no  value. 

Under  cover  the  Cuyahoga  shale  retains  with  great  distinctness  and 
persistency  the  same  characteristics  that  are  found  in  its  outcrops. 
From  the  deep  drillings  of  eastern  Ohio,  wherever  its  horizon  has  been 
reached,  there  are  uniformly  reported  300  to  400  feet  of  white  shales 
with  occasional  sandstone  layers,  through  which  the  drill  descends 
rapidly  and  easily.  The  Buena  Vista  courses  are  also  frequently 
reported  directly  above,  or  at  least  near  to,  the  Berea  shale. 

The  fossils  with  which  the  Cuyahoga  shale  has  been  credited  have 
been  largely  derived  from  the  division  next  to  be  described,  while  this 
was  counted  a  part  of  the  shale.  As  here  limited,  it  is,  for  most  part, 
very  poor  in  fossils.    The  surfaces  of  many  of  its  beds  are  marked  with 
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the  impressions  of  the  oock*tail  fucoid,  and  in  its  upper  portions  occa- 
sional courses  are  found  in  which  the  animal  fossils][of  this  age  are 
abundant  and  well-preseryed. 

Il6.     The  Logan  Oroup^ 

(The  Olive  Shales  of  Read.    The  Logan  Sandstone  of  Andrews.l,lThe  Waverly 
Conglomerate  of  Andrews), 

The  divisions  of  the  Waverly  series  in  northern  Ohio  happened  to 
be  made  at  a  point  where  the  section  is  abnormal  and  incomplete.  By 
atrophy  or  by  overlap,  the  upper  member  of  the  series'is  wanting  in  the 
Cuyahoga  Valley,  or  is  at  least  very  inadequately  represented  there* 
The  missing  member  is  in  volume  second  only  to  the  Cuyahoga  shale, 
among  the  divisions  of  the  Waverly.  It  is  much  richer  in  the  fossils 
of  the  Subcarboniferous  than  any  of  the  other  members.  In  composi- 
tion it  is  varied  and  striking,  one  of  its  elements  being  a  massiye 
conglomerate  not  less  than  200  feet  in  its  largest  sections,  which  extends 
in  unbroken  outcrop  through  at  least  a  dozen  counties  of  Ohio.  No 
good  reason  can  be  found  for  dividing  the  Waverly  series  at  all,  if  a 
member  like  this  is  to  be  left  without  a  name,  or  is  to  be  merged  with 
an  unlike  and  incongruous  division  from  which  it  is  as  sharply  differ- 
entiated as  any  one  stratum  of  Ohio  is  from  any  other. 

The  real,  though  not  the  formal,  separation  of  this  group  from  the 
underlying  shale,  is  due  to  the  late  Professor  E.  B.  A  ndrews,  and  consti- 
tutes one  of  his  most  important  contributions  to  our  knowledge  of  Ohio 
geology.  He  was  the  first  to  show  that  the  great  conglomerate  of 
Hocking,  Fairfield  and  Licking  counties  is  Subcarboniferous  in  age, 
and  he  further  called  attention  to  a  highly  fossiliferous,  fine-grained 
sandstone  overlying  the  conglomerate,  to  which  he  gave  the  name  of 
Logan  sandstone,  from  its  occurrence  at  Logan,  Hocking  county.  Up 
to  this  time  this  conglomerate  had  been  universally  counted  as  the 
Coal  Measure  conglomerate.  Bead  made  known  the  existence  of  a  heayy 
body  of  shale,  which  he  called  Olive  shales,  overlying  the  conglomerate 
and  replacing  the  Logan  sandstone  in  Knox,  Holmes  and  Bichland 
counties. 

As  both  conglomerate  and  sandstone  have  their  typical  outcrops  at 
Logan,  no  better  name  can  be  found  for  the  formation  which  must 
include  conglomerate,  sandstone,  and  shale,  than  that  here  adopted, 
yiz.,  Logan  group. 

The  maximum  thickness  of  the  Logan  group  is  not  less  than  400 
feet.  Its  average  thickness  is  perhaps  200  feet.  It  has  received  less 
study  than  the  rest  of  the  series,  and  much  work  is  needed  in  the 
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correlation  of  its  several  elements.    The  statements  that  follow  may 
need  revision  in  some  particulars. 

A  typical  or^representative  section  of  this  group  is  scarcely  possible, 
but  the  most  characteristic  and  persistent  part  of  the  series  is  the  con- 
glomerate that  is  found  at  the  bottom.  At  all  events,  coarse  rock,  if 
not  always  technically  conglomerate,  is  generally  found  here.  Pebbles 
do  not  make  a  conspicuous  part  of  the  rock  when  it  takes  a  conglom- 
eritic  phase,  in  all  cases.  The  most  characteristic  feature  of  the  pebbles 
is  their  small  and  uniform  size.  The  larger  pebbles  are  generally  flat.  ^ 
There  is,  however,  a  good  deal  of  variation  in  all  these  respects. 

Much  of  the  conglomerate.is  fairly  even  in  its  bedding,  and  other- 
wise adapted  to  quarry  purposes.  The  formation  yields  in  central  and 
southern  Ohio  quite  a  large  amount  of  valuable  stone. 

The  conglomerate  is^peculiar  in  this  respect,  viz.,  it  is  fossiiiferous, 
containing  both  animal  and  vegetable  fossils.  The  usual  Subcarboni- 
ferous  types  of  both  divisions  are^found  in  it. 

It  is  interrupted  byi  layers  of  fine  or  medium-grained  sandstone, 
and  sometimes  by  shale  deposits. 

The  prevailing  colors  are  yellowish,  red  or  brown.  Much  of  it  is 
handsomely  variegated. 

Its  best  developments  are  in  Hocking,  Fairfield,  Ross,  Vinton, 
Licking,  Knox  and  Wayne  counties,  which  constitute  the  northwestern 
arc  of  the  sea-boundary  of  Ohio  in  Subcarboniferous  time.  South  of 
Boss  county  it  loses  most  of  its  pebbles,  and  south  of  the  Ohio  it  becomes 
the  knobstone  of  Kentucky.  In  northeastern  Ohio  the  Logan  group  is 
also  destitute  of  pebbles,  and  perhaps  the  conglomerate  element  proper 
does  not  appear  here  at  all. 

Professor  I.  C.  White  gives  a  generalized  section  of  the  rocks  of  Erie 
and  Crawford  counties,  Pennsylvania,  in  Report  Q.  4,  page  66,  of 
the  recent  Survey.  He  shows  the  presence  of  six  sandstones  in  the 
locale,  and  three  of  these  are  common  to  the  Ohio  scale  as  well.  The 
Shenango  sandstone  of  his  column  is  without  doubt  the  representative 
of  our  Logan  sandstone  and  Waverly  conglomerate.  His  Sharpsville 
sandstone  is  our  Buena  Vista  stone,  and  his  Gorry  sandstone  is  none 
other  than  our  persistent  and  important  stratum,  the  Berea  grit.  The 
sandstones  of  the  Pennsylvania  column  that  underlie  the  Berea  grit  do 
not  appear  as  such  in  the  Ohio  scale,  as  has  been  already  shown.  By 
the  same  token.  White's  Orangeville  shale  is  the  equivalent  of  our  Berea 
shale,  his  Meadville  shales  are  our  Cuyahoga  shale  in  part,  and  his 
Shenango  shales  are  a  part  of  our  Logan  series.  While  this  view  has 
long  been  held  as  to  the  more  important  elements,  it  is  by  means  of 
sections  recently  made  in  Trumbull  county,  Ohio,  by  Mr.  H.  P.  Cushing, 
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of  Cleveland,  that  we  are  able  to  positively  unite  the  Pennsylvania  and 
Ohio  sections  in  all  of  their  essential  elements. 

Interstratified  with  the  conglomerate  courses  in  southern  Ohio,  are 
two  or  more  fairly  persistent  layers  of  impure  limestone.  No  fossils 
have  been  found  in  them.  Similar  layers  occur  in  the  Logan  series  of 
northeastern  Ohio,  except  that  in  this  case  the  limestones  are  fossilif- 
erous.  They  are  the  Upper  and  Lower  Meadville  limestones  of  White, 
and  can  be  followed  into  Ohio  from  Crawford  county,  Pennsylvania, 
where  they  were  first  described. 

The  Logan  sandstone  that  succeeds  the  Waverly  conglomerate  in 
the  full  section  is  an  uncertain  and  inconstant  element,  for  the  reason 
that  it  plays  fast  and  loose  with  the  stratum  last  described.  Much  could 
be  said  in  favor  of  counting  it  the  upper  portion  of  the  conglomerate. 
In  its  typical  exposures,  it  is  a  fawn-colored,  fine-grained,  even-bedded 
sandstone.  In  this  phase  of  the  formation,  the  most  favorable  condi- 
tions for  the  marine  life  of  the  period  seem  to  have  been  attained,  the 
sandstone  being  prolific  in  fossils.  The  characters  above  given  are 
quite  widely  held  through  the  state.  The  Logan  sandstone  often  rises 
to  the  base  of  the  coal  series. 

The  Olive  shales  of  Read  are  probably  the  exact  equivalent  of  the 
Logan  sandstone  in  age.  They  seem  to  take  its  place  in  the  central 
counties  in  part.  Overlying  the  coarse  rock  in  Knox  and  Coshocton 
counties.  Read  reports  more  than  SOO  feet  of  sparingly  fossiliferous 
shales  to  which  he  gives  the  name  here  used. 

Diverse  as  these  elements  are,  they  are  blended  and  interlocked  in 
the  Logan  group,  leaving  it  in  stratigraphy  and  fossils  a  well-defined 
and  easily  followed  series  throughout  all  parts  of  the  territory  in  which 
it  is  due,  except  in  possibly  a  small  area  in  northern  Ohio,  as  already 
noted,  and  even  here,  there  is  no  difficulty  in  recognizing  the  pressure 
of  this  series.  The  several  elements  are,  however,  of  smaller  volume 
than  elsewhere. 

Under  cover,  throughout  southeastern  Ohio,  the  series  is  in  the 
highest  degree  persistent  and  regular,  much  more  uniform,  indeed,  than 
in  its  outcrops.  It  consists  of  200  feet  or  more  of  prevailingly  coarse 
rock,  almost  everywhere  pebbly  in  spots,  but  interrupted  with  sheets  of 
shale,  yellowish  and  reddish  colors  being  the  characieristic  ones.  It 
has  considerable  interest  in  connection  with  gas,  oil  and  salt-water  in 
Ohio,  being  the  reservoir  of  the  brines  of  the  Hocking  and  Muskingum 
Valleys,  and  furnishing  in  the  latter  large  supplies  of  gas  in  the  early 
days  of  salt  manufacture  in  the  state. 
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The  Subcarboniferous  series  of  Ohio  has  now,  with  the  exception  of 
a  single  element  presently  to  be  named,  been  passed  in  review.  It  is 
seen  to  be  a  very  sharply  characterized  series,  a  most  persistent  sand- 
stone, though  not  a  thick  one,  lying  near  its  base,  bedded  in  shale  and 
covered  also  by  shale,  the  lower  shale  being  often  red  in  color  and  the 
roof  shale  being  always  black,  and  another  sandstone  or  conglomerate 
stratum,  200  feet  or  more  in  thickness,  forming  the  upper  member  of 
the  series,  these  two  persistent  sandstones  being  separated  from  each 
other  by  300  or  more  feet  of  light-colored,  soft,  argillaceous  shales.  No 
conditions  could  be  more  favorable  for  tracing  such  a  group  under  ground 
than  the  conditions  here  found,  and  consequently  the  records  of  deep 
drillings  in  southern  Ohio  become  almost  as  clear  and  legible  as  if  the 
rocks,  through  which  the  drill  has  passed,  lay  exposed  to  the  light  of 
day. 

12.    The  Suboabbonifkbous  Limestone. 

This  element  is  of  comparatively  small  account  as  a  surface  forma- 
tion in  Ohio,  but  it  gathers  strength'  to  the  southeastward  of  its  outcrops, 
and  is  shown  in  many  well  records  as  a  stratum  fifty  or  more  feet  in 
thickness.  It  was  recognized  as  a  member  of  our  geological  column  by 
the  geologists  of  the  first  survey,  but  Andrews  was  the  first  to  assign  it 
to  its  proper  place  and  to  show  its  true  equivalence.  He  named  it  the 
Maxville  limestone,  from  a  locality  in  southwestern  Perry  county,  where 
it  is  well  exposed  in  beds  that  aggregate  fifteen  feet  in  thickness.  Still 
heavier  deposits  of  it  he  found  in  the  valley  of  Jonathan's  Creek,  in 
Muskingum  county,  near  Newtonville.  He  collected  its  fossils  by  which 
its  age  was  shown  to  be  about  that  of  the  Chester  limestone  of  the  Mis- 
souri and  Illinois  sections. 

The  limestone,  in  its  best  development,  is  a  fairly  pure,  very  fine- 
grained, sparingly  fossiliferous  rock.  It  breaks  with  a  conchoidal  frac- 
ture. In  fineness  and  homogenity  of  grain  it  approaches  lithographic 
stone  and  has  been  tested  in  the  small  way  for  this  special  use.  It  is 
seldom  even  and  regular  in  its  bedding.  Its  color  is  light-drab  or  brown, 
and  often  it  is  a  beautiful  building  stone,  though  somewhat  expensive 
to  work.  The  fire-clay  found  at  this  horizon  in  southern  Ohio  is  one  of 
the  most  valuable  deposits  of  this  sort  in  our  entire  scale.  The  lime- 
stone is  found  in  outcrop  in  Scioto,  Jackson,  Hocking,  Perry  and  Mus- 
kingum counties.  It  is  reported  in  the  well  records  of  Steubenville, 
Brilliant,  Macksburg,  and  at  several  other  points  in  the  Ohio  Valley. 
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There  remains  to  be  briefly  described,  with  reference  to  its  gas  and 
oil-producing  properties,  the  great  Carboniferous  system  of  Ohio.  An 
extended  and  careful  review  of  its  composition,  as  understood  at  the 
present  time,  is  given  in  Geology  of  Ohio,  volume  V,  and  consequently 
it  will  be  enough  at  this  point  to  call  to  mind  its  more  salient  features. 
In  the  review  in  volume  V,  the  Conglomerate  series  of  Pennsylvania 
was  included  with  the  Lower  Coal  Measures,  though  the  boundaries  of 
each  were  shown  to  be  clearly  recognizable  here.  There  are,  however, 
less  imperative  grounds  for  the  separation  in  Ohio  than  in  Pennsylvania 
and  the  Virginias,  and  if  only  the  Ohio  series  were  to  be  classified,  it  is 
not  probable  that  the  divisions  would  have  been  made.  But  they  stand 
for  great  and  conspicuous  facts  elsewhere,  and  it  probably  would  have 
been  better  to  have  maintained  them  in  our  territory  also.'  The  separa- 
tion will  be  recognized  in  this  review. 

13,  Thb  Ccnqlomerate  Oboup. 

This  group  consists  of  three  great  sandstones,  between  which  and 
in  which,  are  distributed  two  thin  but  persistent  limestones  and  four 
coal  seams  of  considerable  value.  The  order  is  shown  in  the  table  be- 
low.   A  fifth  coal  seam  is  occasionally  found : 

HoiawooD  Samdstons. 
(Honesta  coal). 

fOre. 
Upper  Mercer  Group.  <  LiifieBtone. 

(Goal. 

(Ore. 
Lower  Mercer  Group,   i  Limestone. 

I  Cool. 
Mamillon  Sandstons,  Uppkr. 
(Quakertown  Coal). 
Massillon  Sandbtonb,  Lowkb. 
Sharon  coal— Coal  No.  1,  of  Newberry. 
.  Shabon  Conolomsbatb. 

This  group  has  an  average  aggregate  thickness  of  260  feet.  At 
least,  this  figure  need  not  mislead  the  student  of  our  geology,  though  the 
range  is  great.  It  has  some  importance  as  a  source  of  gas  and  oil  in  a 
few  localities,  as  will  hereafter  appear. 

14.  The  Loweb  Coal  Mbasubbs. 

This  division  includes  for  Ohio  the  most  important  section  of  the 
Coal  Measures.  In  it  are  found  six  seams  of  coal,  four  horizons  of  lime- 
stone, including  the  most  important  of  the  coal  measure  limestones,  viz., 
the  Ferriferous,  and  several  valuable  iron  ores  and  fire-clays.  Its  inter- 
est in  the  present  connection  is,  however,  chiefly  confined  to  its  sand- 


Conglomerate  Group. 
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stone  ledges,  four  of  which  attain  to  fair  development  and  extension - 
They  are,  in  ascending  order,  the  Hecia  sandstone,  immediately  under- 
lying the  Ferriferous  limestone,  and  mainly  confined  to  the  southwestern 
boundary  of  the  coal  field;  the  Kittanning  sandstone,  also  mainly  con- 
fined to  the  southwestern  part  of  the  coal  field,  and  lying  between  the 
two  Kittanning  coals;  the  Lower  Freeport  sandstone,  quite  massive, 
and  in  a  number  of  counties  distinctly  conglomeritic ;  the  Upper  Free- 
port  sandstone,  less  massive  and  important  in  Ohio,  but  still  a  persistent 
deposit.  Some  of  these  sandstones  probably  take  a  small  part  in  gas  or 
oil  production  in  a  few  fields. 

15.    The  Lower  Barren  Measurbs. 

No  detailed  account  of  this  section,  nor  of  Nos.  16  and  17,  need  be 
given  here.  There  is  but  one  sandstone  in  all  of  these  divisions  that  is 
known  to  be  important  in  connection  with  the  subjects  of  the  present 
chapter.  This  is  the  Mahoning  sandstone,  a  massive  and  conglomerate 
ledge  at  the  base  of  the  Lower  Barren  Measures.  It  produces  quite  an 
amount  of  petroleum  in  several  fields  of  Ohio,  particularly  from  its 
upper  division  which  is  also  known  as  the  Bufialo  sandstone. 

18.    The  Glacial  Drift. 

Over  the  various  bedded  rocks  of  at  least  two  thirds  of  Ohio  are 
spread  in  varying  thickness  the  deposits  of  the  Drift,  the  most  character- 
istic and  important  of  which  is  the  Bowlder  clay.  This  frequently  con- 
tains in  its  lower  portions  large  accumulations  of  vegetable  matter,  the 
remains  of  coniferous  forests  that  occupied  the  country  before  the  advent 
of  the  Drift,  or  at  some  interglacial  stage  of  its  duration.  Peat  bogs  are 
sometimes  found  buried  in  like  manner  in  or  under  the  bowlder  clay. 
Thus  the  latest  of  our  geological  formations,  as  well  as  the  earliest,  con- 
tains materials  that  can  give  rise  to  supplies  of  inflammable  gas. 


The  geological  scale  of  Ohio,  in  its  relations  to  oil  and  gas  produc- 
tion, has  now  been  briefly  reviewed,  but  geological  structure  is  also  a 
factor  in  this  production,  and  a  clear  comprehension  of  the  relation  of 
Ohio  geology  to  these  new  sources  of  light  and  fuel  require,  in  addition 
to  the  account  already  given  of  the  various  strata  that  constitute  our 
geological  column,  an  equally  concise  statement  of  the  leading  facts  in 
the  structural  geology  of  the  state,  that  is,  of  the  folds  into  which  its 
strata  are  bent  and  the  troughs  into  which  they  dip. 
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B.    Thb  Geological  Stbucture  of  Ohio. 

The  geological  structure  of  Ohio  is  as  simple  as  that  of  almost  any 
other  40,000  square  miles  of  the-  earth's  surface.  All  of  its  strata  except 
a  small  portion  of  the  Coal  Measures,  were  deposited  in  the  waters  of  an 
ancient  arm  of  the  sea,  of  which  the  present  Qulf  of  Mexico  is  the 
dwarfed  and  diminished  remnant  and  representative.  Its  most  fossili- 
ferous  limestones,  as  the  Corniferous,  for  example,  stand  for  clear  waters 
of  tropical  warmth.  Its  conglomerates  and  sandstones  required  strong 
currents  for  their  transportation  from  distant  shores.  Its  shales  must 
have  been  deposited  in  seas  of  at  least  moderate  depth,  large  areas  of 
which,  as  well  as  all  of  the  shores  were  covered  with  sargasso-like 
masses  of  sea-weed. 

These  strata  seem  to  have  been  deposited  on  a  fairly  regular  and 
level  floor,  and  they  have  never  been  subjected  to  very  great  disturbance, 
that  is,  they  have  nowhere  been  raised  into  mountains  nor  depressed 
into  deep  valleys,  but  still  they  have  been  warped  and  disorted  to  some 
extent  in  the  course  of  their  long  history. 

In  the  southeastern  quarter  of  the  state  are  a  few  anticlinal  arches, 
all  of  which,  however,  are  very  gentle  and  low,  and  none  of  which  can  be 
traced  for  many  miles  in  the  direction  in  which  they  extend.  They  in- 
volve all  of  the  strata  that  belong  in  the  district  in  which  they  are 
found.  A  modification  of  the  arch  resulting  in  a  terrace-like  arrange- 
ment of  the  strata,  is  one  of  the  most  important  phases  of  the  structure 
in  this  portion  of  the  state.  It  will  be  treated  at  considerable  length 
in  subsequent  pages.  In  southwestern  Ohio,  the  structure  is  exceed- 
ingly simple  and  easily  read,  so  far  as  now  appears.  The  movements 
to  which  this  section  of  the  state  have  been  subjected,  are  as  small  as  is 
consistent  with  their  ready  recognition  and  measurement. 

Less  is  known  of  the  structure  of  northeastern  Ohio,  and  especially 
of  the  lake  counties  from  Cuyahoga  county  eastward,  than  of  any  other 
quarter  of  the  state.  This  fact  is  due  in  part,  possibly,  to  the  want  of 
recognizable  horizons  in  those  counties  from  which  dip  can  be  readily 
calculated.  In  the  shale  formation  that  prevails  here,  and  which  attains 
a  thickness  of  a  thousand  feet  or  more,  there  are  absolutely  no  marks 
known  by  which  we  can  follow  particular  horizons  from  point  to  point 
without  the  aid  of  directly  connected  outcrops,  such  for  example,  as  are 
found  in  the  walls  of  a  gorge.  The  upper  and  lower  boundaries  of  the 
shale  wherever  they  can  be  reached,  give  every  needed  opportunity  for 
such  measurements.  The  lower  boundary  is  the  Upper  Helderberg 
limestone,  and  this  has  been  used  in  all  the  sections  in  which  it  is 
available.    It  is  known  to  have  been  reached  at  Elyria,  Cleveland,  Mas- 
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sillon,  Akron,  and  at  other  points  on  the  lake  shore.  Farther  back  from 
the  lake  we  obtain  in  the  Berea  grit  an  excellent  horizon  to  follow  in 
tracing  the  disposition  of  the  strata.  By  means  of  it  a  very  important 
flexure  is  brought  to  light,  which  will  presently  be  described. 

The  surface  of  northwestern  Ohio  is  much  more  nearly  level  than 
that  of  either  of  the  sections  already  reviewed.  It  constitutes  a  great 
plain,  which  is  covered,  and  often  heavily  covered  with  drift  deposits 
that  entirely  obscure  the  underlying  rock  for  scores  and  hundreds  of 
square  miles.  Up  to  a  recent  date  it  was  not  known  that  the  under- 
lying rock  failed  to  share  the  monotony  of  the  surface,  but  the  explora- 
tions of  the  last  two  years  have  revealed  the  surprising  fact  that  the 
rocky  floor  of  the  '*  black  swamp "  of  old  time  is  characterized  by  far 
greater  irregularity  of  structure  and  by  far  greater  suddenness  and  steep- 
ness of  dip  than  the  strata  of  any  other  portion  of  Ohio.  The  entire 
floor  of  northwestern  Ohio,  including  the  lake  counties,  as  far  east  as 
Lorain  county,  is  seen  to  lie  in  a  disturbed  and  uneasy  condition.  It  is 
not  uncommon  to  find  the  rocks  descending  at  an  angle  of  two  to  ten 
degrees,  but  the  descent  is  not,  as  a  rule,  long  continued,  and  all  of  these 
irregularities  are  subordinate  to,  and  included  in  the  main  dip  of  the 
strata. 

The  structure  of  the  state  can  best  be  studied  by  taking  one-half  of 
it  at  a  time.  The  western,  or  older  half,  will  be  first  considered.  The 
dominant  feature  in  the  structure  and  physical  history  of  Western  Ohio, 
is  the  so-called  Cincinnati  anticlinal.  A  number  of  facts  pertaining  to 
this  will  now  be  given. 

1.     The  Cincinnati  Anticlinal. 

As  soon  as  the  geology  of  the  Mississippi  Valley  began  to  be  studied, 
it  became  apparent  that  there  had  been  in  early  time  an  extensive  up- 
lift of  the  older  rocks  in  the  central  parts  of  Tennessee  and  Kentucky 
and  in  southwestern  Ohio,  which  had  exerted  a  profound  influence  on 
all  the  subsequent  growth  of  the  regions  traversed  by  and  adjacent 
thereto.  This  uplift  has  received  several  designations,  but  the 
name  given  to  it  by  Newberry,  viz..  The  CinciwnaJti  anticlinal,  will  here 
be  adopted,  inasmuch  as  this  geologist  has  furnished  by  far  the  most 
careful  and  connected  account  that  has  yet  been  given  of  it. 

It  is  to  be  recognized,  however,  that  this  structural  feature  has  in  it 
little  or  nothing  of  the  character  of  an  anticlinal  or  arch,  as  these  terms 
are  commonly  understood.  There  is  no  roof-shaped  arrangement  of  the 
strata  whatever,  but  they  are  spread  out  in  a  nearly  level  tract,  100 
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miles  or  more  in  breadth.  The  slopes  within  the  tract  are  very  light, 
and  are  quite  uniform  in  direction,  and  the  boundaries  of  the  tract  are 
well  defined,  as  a  rule. 

The  Trenton  limestone,  as  has  already  been.shown,  makes  the  floor 
of  western  Ohio.  By  means  of  the  deep  drilling  that  is  now  in  pro- 
gress throughout  this  part  of  the  state,  we  have  obtained  soundings  to 
this  limestone  floor  so  extensive  that  we  are  already  able  to  restore  ap- 
proximately its  topography. 

This  underground  disposition  of  the  Trenton  limestone  becomes 
very  significant  in  connection  with  the  Cincinnati  uplift.  In  fact,  it  is 
the  Cincinnati  uplift ;  and  the  study  of  the  facts  pertaining  to  it  will 
be  found  to  throw  more  light  on  this  earliest  and  most  important  struct- 
ural feature  of  the  state  than  can  be  obtained  from  any  and  from  all 
other  sources.  The  supply  of  the  necessary  facts  from  southern  Ohio  is 
thus  far  quite  meager,  and  the  lines  indicating  the  depth  of  the  Trenton 
limestone  through  this  portion  of  the  state  are  based  on  a  small  num- 
ber of  points,  and  through  considerable  areas  they  are  purely  con- 
jectural. There  is  a  still  greater  dearth  of  facts  from  Indiana.*  But  in 
northwestern  Ohio  the  boundaries  are  already  fairly  continuous,  and 
we  can  be  sure  that  the  contour  lines,  now  indicated,  are  final,  so  far  as 
the  leading  facts  of  structure  are  concerned.  They  will  doubtless  be 
sharpened,  and  minor  sinuosities  in  them  will  be  revealed  by  future  ex- 
plorations, but  the  shapes  of  the  main  areas  are  certain  to  remain  nearly 
as  they  are  represented  now.  These  contour  lines  are  roughly  indicated 
on  the  accompanying  map.  The  areas  of  the  state  in  which  the  Trenton 
limestone  lies  above  sea-level  are  left  unshaded.  The  approximate  areas 
in  which  the  Trenton  limestone  is  found  between  sea-level  and  250  feet 
below  are  indicated  by  the  lightest  tint  upon  the  map.  The  third  belt 
takes  in  the  territory  in  which  the  Trenton  limestone  lies  between  250 
and  500  feet  below  tide.  This  is  by  far  the  most  important  of  all  the 
areas  that  are  here  distinguished.  The  remaining  belts  advance  by  de- 
scending steps  of  250  feet  each.  The  depths  at  which  the  Trenton  lime- 
stone is  reached  at  the  towns  in  which  drilling  has  been  done  ap- 
pear in  the  following  list.  These  figures  can  also  be  used  in  the  inter- 
pretation of  the  map. 

^inoe  the  oonstructlon  of  the  map  a  great  number  of  additional  facts  haye  been  obtained,  but  all 
of  tbem  fall  within  the  lines  already  laid  down. 
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The  following  list  contains  the  elevation  of  the  surface  of  the  Tren- 
ton limestone  with  reference  to  sea-level,  at  a  number  of  localities  in 
western  Ohio. 

The  list  is  made  out  in  a  geographical  order,  beginning  in  southern 
Ohio  where  the  limestone  has  the  highest  elevation.  Many  of  the 
figures  given  are  approximate  only,  but  they  are  close  enough  to  give  a 
true  impression  of  the  facts. 

Where  more  than  one  well  has  been  drilled,  more  than  one  set  of 
figures  obtains.  Where  great  differences  are  found,  the  fact  will  be 
noted.  In  localities  where  scores  of  wells  have  been  drilled,  the  figure 
given  applies  to  the  average  of  wells  nearest  the  town. 


ElevatioRS  of  Trenton  Limestone. 


Above  tide. 


Below  tidei 


Allen  county- 
Beaver  Dam . 
Bluffton 


Lima 

Spencerville... 
West  Newton- 


Auglaize  coijintv— 
Gridersville... 

St.  Mary's 

Wapakoneta. 


Butler  county- 
Hamilton  . 
Oxford 


Champaign  county — 
Mechanicsbarg . 
Urbana 


Clarke  county- 
New  Carlisle.. 
Springfield 


Clermont  county- 
Point  Pleasant.. 

Clinton  county- 
New  Vienna  .... 


Crawford  county— 

Bucyrus 

Crestline 


Darke  county— 

Ansonia 

Arcanum..... 
Greenville... 
Union  City« 


Defiance  county- 
Defiance  .... 
Hicksville  ... 


70 
70 


450 


445 

463 
881 
401 
330 
894 


870 
813 
348 


400 
300 


200 
210 


96 


1,286 
1,680 


100 
81 
40 


976 
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Elevation  of  Trenton  Limeetone. 


Above  tide.  Below  tide. 


Erie  county— 
Sandusky 


Fayette  county- 
Washington  G.  H.. 

Franklin  county- 
Columbus 


Fulton  county — 
Wauseon ... 


Greene  county — 

Osbom 

Spring  Valley.. 
Xenia 


Hamilton  county — 
Cincinnati 


Hancock  county- 
Arlington  

Arcadia 

Cannonsburg . 

Findlay 


McComb 

Rawson 

Van  Buren. 


Hardin  county— 

Ad». 

Dunkirk 

Forest 

Kenton  

Patterson  .. 


Henry  county — 
Deshler .... 
Napoleon.. 


Highland  county — 
Hillsborough . 

Lawrence  county— 
L*onton 


Logan  county- 
Belle  fontaine. 

DeGraff 

Huntsville  .... 


Lucas  county- 
Toledo  

Waterville  , 


Madison  county- 
London  


160 


1,629? 

885 

1,188 

1,367 


165 
100 
114 


480 
870 
443 
312 
490 
612 
516 
830 


478 
437 
432 
560 
277 


764 
1,114 


200? 
2,750 


840 

292 


812 
476 


56Q 


G. 
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Elkvation  of  Tbbnton  Limestonb— Gontinaed. 


Elevation  of  Trenton  Limestone. 


A.boye  tide. 


Below  tide. 


Marion  county- 
Marion....:.. 
Prospect 


Mercer  county— 

Celina 

St.  Henry's^ 


Miami  county — 

Piqua 

Tippecanoe  City. 
Troy 


Montgomery  county- 
Dayton 


Ottawa  county — 

Elmore 

Genoa 

Oak  Harbor.. 
Port  Clinton.. 

Preble  county— 

Camden 

Eaton 


Putnam  county — 

Columbus  Qrove.. 

KaUda  

Leipsic;. 

Ottawa 


Ricbland  county- 
Plymouth  .. 

Sandusky  county- 
Clyde 

Fremont .... 


Seneca  county— 
Fostoria 


Tiffin 


Shelby  county- 
Sidney  


Union  county— 

Marysville 

Magnetic  Springs.. 

Van  Wert  county— 

Delphos 

Van  Wert 


Williams  county- 
Bryan 


Sea  level. 


707 
762 


285 

200 


807 
180 
200 


116 


606 

668 

724 

1,079 


40 


576 
701 


1,910 


1,070 
5700 
)650 

472 
706 
861 


664 
650 


447 
484 

1,200 
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Elevation  of  Trenton  Limestone. 


Wood  county— 
Bairdatown  • 


Bloomdale 

Bowling  Green., 
Bradner 


North  Baltimore.. 

Perryaburg 

Portage 

Weston 


Wyandot  county- 
Carey 

Upper  Sandusky.. 


A.bove  tide. 


Below  tide. 


301 
316 
360 
887 
629 
380 
461 
660 
400 
884 


618 
492 


A  study  of  the  map  reveals  some  unexpected  results. 

1.  The  Cincinnati  uplift  bears  to  the  northwest,  instead  of  to  the 
northeast,  so  far  as  the  highest  lying  regions  of  the  Trenton  limestone 
are  concerned.  The  lines  of  strike  or  level  bearing  are  approximately 
northwest  lines.  Starting  from  Point  Pleasant,  where  the  surface  of  the 
Trenton  limestone  is  approximately  450  feet  above  tide,  the  line  of 
slowest  descent  bears  northwest  through  Clermont,  Hamilton  and 
Butler  counties  to  Indiana.  It  apparently  passes  through  the  following 
counties  of  this  last-named  state :  Union,  Fayette,  Wayne,  Henry, 
Delaware,  Madison  and  Grant.  Connersville,  Richmond,  Winchester, 
Portland,  Muncie,  Eaton,  Bluffton,  Tipton,  Kokomo,  Decatur,  Fort 
Wayne  and  Indianapolis,  are  places  where  drilling  his  been  done,  and 
where  the  depth  of  the  Trenton  limestone  has  been  approximately  deter- 
mined. The  jQgures  used  are  given  mainly  on  the  authority  of  Dr.  A.  J. 
Phinney,  of  Muncie.  They  are  as  follows :  Trenton  limestone  at  Con- 
nersville, 127  feet  above  sea-level ;  at  Richmond,  64  feet  above  sea-level; 
at  Winchester,  24  feet  above  sea-level ;  at  Muncie,  64  feet  above  sea- 
level  ;  at  Eaton,  6  feet  above  sea-level ;  at  Portland,  71  feet  below  sea- 
level  ;  at  Bluffton,  215  feet  below  sea- level ;  at  Decatur,  460  feet  below 
sea-level ;  at  Fort  Wayne,  666  feet  below  sea-level ;  at  Kokomo,  90  feet 
below  ;  at  Tipton,  129  feet  below ;  at  Indianapolis,  280  feet  below.  The 
following  points  show  the  line  of  highest  elevations  of  the  Trenton  so 
far  recognized :  Point  Pleasant,  450  feet  above  tide ;  Hamilton,  70  feet 
above  tide ;  Eaton,  Ohio,  40  feet  below  tide ;  Muncie,  Indiana,  64  feet 
above  tide ;  Eaton,  Indiana,  5  feet  above  tide ;  Fairmount,  40  feet,  be- 
low tide;  Kokomo,  90  feet  below  tide.  This  line'  can  be  compared 
with  lines  drawn  due  north  or  northeast  from  Point  Pleasant.    A  due 
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north  line  would  show  the  following  results :  Point  Pleasant,  450  feet 
below  tide;  Dayton,  116  feet  below ;  Piqua,  309  below  ;  Sidney,  267  feet 
below ;  Wapakoneta,  348  feet  below ;  Lima,  400  feet  below ;  Ottawa,  602 
feet  below  ;  Napoleon,  1,114  feet  below  ;  Wauseon,  1,367  feet  below.  The 
facts  in  Indiana  seem  to  indicate  that  the  present  western  boundary  of 
the  Upper  Silurian  formation  from  Newcastle  to  Kokomo  is  determined 
by  the  uplift  of  the  underlying  rocks.  We  can  put  these  facts  into  a 
full  statement,  thus :  A  long  ridge  of  the  Trenton  limestone,  extends 
from  Point  Pleasant  into  northern  central  Indiana,  falling  in  this 
distance  as  it  advances  a  little  more  than  500  feet  and  descending  with 
some  abruptness  to  the  southwestward  and  northward  at  its  extremity. 
If  a  similar  line  were  to  be  followed  from  Point  Pleasant  an  equal  dis- 
tance northward,  as  has  been  shown,  its  descent  would  be  found  to  be 
nearly  2,000  feet,  or  four  times  as  much  as  in  a  northwesterly  direction. 
Or,  if  the  line  should  be  followed  in  the  direction  which  has  hitherto 
been  supposed  to  be  that  of  the  Cincinnati  axis  to  an  equal  distance, 
the  descent  would  be  found  to  be  again  nearly  2,000  feet,  or  four  times 
as  much  as  the  descent  of  the  line  first  named. 

2.  The  line  which  marks  the  Trenton  limestone  at  sea-level  passes 
near  Camden,  Preble  county,  and  about  half-way  between  Middletown 
and  Dayton,  as  we  know.  It  is  supposed  to  be  continuous  through  the 
northeastern  corner  of  Warren  and  the  southeastern  corners  of  Clinton, 
Highland,  and  Adams  counties,  respectively,  to  the  Ohio  river.  The 
same  boundary  appears  to  return  into  the  state  once  more,  after  having 
passed  out  of  it  to  the  westward.  There  is  a  small  area  on  the  west  side 
of  Darke  county  that  is  referred  to  this  division.  There  is  a  far  larger 
area  of  the  Trenton  limestone  above  sea-level  in  Indiana  than  in  Ohio. 
This  results  from  the  state  of  things  described  in  the  preceding  section. 

3.  The  250  feet  boundary  is  established  on  a  larger  number  of  well 
established  x)oints  than  those  that  have  already  been  named.  Celina, 
St.  Henry,  Sidney,  Piqua,  Urbana,  Springfield,  and  Washington  Court 
House,  are  points  in  connection  with  those  already  named,  which  we 
have  to  guide  us  in  drawing  this  line. 

4.  The  next  division,  namely,  that  one  that  includes  all  the  areas 
in  which  the  Trenton  limestone  is  found  between  250  feet  and  500  feet 
below  tide,  is  not  only  the  largest  but  by  far  the  most  interesting  and 
important  of  the  entire  series.  Its  boundaries  are  established  on  a 
larger  number  of  well  records  than  any  of  the  other  lines  that  are  laid 
down.  The  northern  boundary  crosses  Van  Wert  and  Allen  counties  in 
an  easterly  direction.  It  seems  to  bear  due  west  in  Indiana,  passing 
between  Decatur  and  Fort  Wayne.    In  central  Hancock  county  it  turns 
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abruptly  to  the  north,  bat  as  it  advances  it  bears,  at  some  points,  a  few 
degrees  west  of  north.  It  follows  to  the  Findlay  break,  and  indeed  is 
entirely  based  upon  this  important  feature.  It  advances  through  Wood 
county  almost  to  Lake  Erie.  Turning  abruptly  southward  north  of 
Bowling  Green,  it  follows  the  devious  line  indicated  to  the  Ohio  Valley, 
but  the  location  of  the  line  in  southern  Ohio  is  largely  conjectural.  If 
Indiana  and  Ohio  were  connected  on  this  map,  we  should  see  a  much 
larger  area  of  the  Trenton  limestone  above  the  500  feet  level  in  the 
former  state.  The  apparent  easterly  trend  of  the  Cincinnati  uplift, 
which  appears  in  the  surface  limestone  of  northern  and  central  Ohio 
is  found  to  be  due  not  to  the  flexure  of  the  rocks,  as  was  naturally  sup- 
posed at  first,  but  to  a  considerable  thickening  of  the  great  shale  series 
that  underlies  the  Upper  Silurian  limestone.  The  Medina,  Hudson 
River  and  Utica  shales,  which  are  counted  together,  reach  twice  as  great 
a  measure  in  the  counties  due  south  of  Toledo,  for  example,  as  they 
have  in  the  counties  on  the  western  boundary  of  the  state. 

6.  Lines  of  steep  descent  are  shown  in  the  northwestern  corner  of 
the  state,  and  also  on  the  east  side  of  the  Hancock  and  Wood  county 
neck ;  and  again,  especially  rapid  descents  are  found  in  Adams  and 
Scioto  counties.  It  is  now  seen  that  these  steep  descents  are  adequately 
indicated  by  the  outcrops  of  the  several  geological  formations,  but  until 
the  testimony  of  the  drill  was  in  hand,  we  lacked  the  courage  to  draw 
these  obvious  conclusions.  The  thickness  of  the  formation  was  also 
unknown,  and  without  this  element  it  was  impossible  to  go  far  in  this 
direction. 

6.  The  early  stages  of  the  Cincinnati  uplift  in  Ohio  and  Indiana 
are  marked,  as  has  been  shown,  by  northwesterly  trends,  but  a  north- 
easterly formation  afterwards  appeared.  It  seems  to  have  entered  the 
state  from  Indiana  as  an  oflEhoot  of  the  main  area  of  the  high-lying 
Trenton  limestone.  It  passes  through  the  whole  or  parts  of  Darke, 
Mercer,  Shelby,  Auglaize,  Allen,  Hardin,  Wyandot,  Hancock  and  Wood 
counties.  Its  course  is  northeast  from  the  Indiana  line  to  Findlay,  but 
at  this  point  it  turns  due  north,  following  a  well-marked  monocline, 
advancing  thence  to  the  Michigan  line,  which  it  reaches  a  little  west  of 
Sylvania.  The  northeasterly  portion  of  this  tract  may  be  called  the 
Lima  axis,  and  the  monocline  may  be  named  the  Findlay  break.  The 
Lima  axis  is  about  thirty  miles  broad  at  its  narrowest  portion,  counting 
the  500-foot  line  as  its  lower  boundary,  and  the  limestone  lies  very 
nearly  level  throughout  this  entire  area.  The  Findlay  break  is  abrupt 
and  well  marked,  and  is  indeed  the  most  remarkable  fact  in  the  struc- 
tural geology  of  northern  Ohio.  The  descent  of  the  strata  from  east  to 
west  amounts  to  150  or  175  feet,  and  this  fall  is  generally  accomplished 
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in  less  than  half  a  mile.  Frequently  the  strata  descend  at  the  rate  of 
one  foot  in  eight  for  1,000  or  1,200  feet  of  horizontal  distance.  The 
break  is  equally  well  defined  at  Findlay,  North  Baltimore,  Bowling 
Qreen,  Monclova  and  Sylvania. 

7.  In  front  of  this  bifurcated  axis  in  northwestern  Ohio,  and 
doubtless  also  in  northeastern  Indiana,  there  is  a  steep  and  rapid 
descent  of  the  Trenton  limestone  as  it  takes  its  place  under  the  Michi- 
gan coal  field.  The  rocks  appear  to  fall  in  a  due  north  direction.  A 
synclinal  trough  of  the  Trenton  is  revealed  by  the  wells  that  have  been 
drilled  at  Napoleon  and  Wauseon.  The  Trenton  was  found  in  the  first 
at  a  depth  of  1,114  feet  blow  tide,  and  in  the  second  at  a  depth  of  1,367 
feet  below  tide.  The  latter  figure  was  entirely  unexpected,  since  at 
Toledo  upon  one  side  the  level  of  the  Trenton  was  found  to  be  800  feet 
below  tide,  and  at  Bryan  upon  the  other  side,  1,240  feet  below,  and  no 
indication  was  apparent  of  any  irregularity  in  the  interval. 

8.  The  contour  lines  in  the  northeastern  section  of  the  map  follow 
meridians,  as  will  be  seen,  that  is,  they  are  approximately  north  and 
south  lines.  Oak  Harbor,  Fremont,  Tiffin  and  Marion  all  find  the 
Trenton  at  nearly  the  same  level,  viz.,  700  feet  below  tide.  From  these 
points  southward  a  slight  westerly  trend  of  the  contour  line  can  be 
observed.  In  all  the  later  stages  of  growth  of  those  portions  of  the  state 
that  lie  east  of  the  line  now  traced,  a  prevalent  and  monotonous  south- 
east dip  is  observed,  the  explanation  of  which  must  be  found  in  a 
general  elevation  of  the  land  to  the  west,  at  right  angles  to  the  dip,  or 
in  other  words,  in  a  northeasterly  direction. 

9.  A  greater  significance  is  given  to  the  facts  obtained  in  New- 
berry's survey  pertaining  to  the  dip  of  the  strata  in  southwestern  Ohio^ 
by  these  later  explorations.  In  default  of  a  better  horizon,  the  Medina 
shale  was  adopted  in  1870  as  a  base  by  means  of  which  dip  could  be 
determined,  and  a  number  of  interesting  and  important  facts  were 
brought  out,  the  full  meaning  of  which  could  not  at  that  time  be  under- 
stood. The  facts  then  obtained  can  be  generalized  as  follows:  (See 
Vol.  I,  page  415). 

There  is  no  apparent  dip  in  the  Cincinnati  axis  on  an  east  and 
west  line  from  the  Indiana  boundary  as  far  as  Springfield  and  Xenia. 

Beyond  that  point  the  rocks  descend  at  a  fairly  rapid  rate. 

The  only  appreciable  dip  in  the  Cincinnati  axis  is  to  the  northward^ 
and  the  rate  in  this  direction  is  very  small,  varying  between  three  and 
five  feet  to  the  mile. 
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2.    The  Normal  Dip  of  the  Strata. 

The  easterly  or  southeasterly  dip  of  the  rocks  that  begins  at  the 
margin  of  the  tract  now  described  as  the  Cincinnati  axis,  continues 
through  the  subsequent  history  of  the  state  and  constitutes  the  most 
important  physical  feature  of  its  geology.  All  of  the  Subcarboniferous 
and  Coal  Measure  strata,  in  particular,  are  affected  by  it.  The  southerly 
element  of  it  gradually  increases  as  we  pass  to  northeastern  Ohio,  and 
it  is  probable  that  the  dip  becomes  due  south  at  some  points  in  this 
portion  of  the  state.  Beyond  the  limits  of  Ohio,  in  Pennsylvania  and 
West  Virginia,  the  corresponding  strata  descend  sharply  toward  the 
westward.  These  facts  considered  together,  mark  out  the  limits  of  the 
arm  of  the  sea  in  which,  and  around  which,  the  northern  extension  of 
the  Appalachian  coal  field  was  built  up,  the  Cincinnati  axis  forming  its 
western  boundary.  These  uniform  and  continuous  southeasterly  dips 
can  be  explained  by  the  steady  growth  of  the  land  to  the  westward, 
after  the  fashion  already  described.  The  dip  is  at  right  angles  to  the 
constantly  advancing  border  of  the  sea.  It  seldom  exceeds  thirty  feet 
to  the  mile,  or  but  little  more  than  half  of  one  degree,  in  the  large  way, 
but  it  is  alternately  sharpened  and  reduced,  so  that  for  short  distances 
a  much  greater  fall  or  much  less,  may  be  found.  The  sections  illustra- 
tive of  the  structural  relations  of  our  different  strata  bring  these  points 
into  clear  light. 

The  facts  of  our  present  topography  seem  to  point  to  an  original 
equality  of  elevation  of  those  portions  of  the  state  that  were  success- 
ively brought  under  this  uplifting  force.  The  western  outliers  of  all  of 
the  formations  are,  at  the  present  time  at  least,  at  approximately  the 
same  elevation  above  the  sea. 

3.    Other  Arches  and  Folds. 

The  statements  already  made  as  to  the  exceeding  regularity  of  the 
geological  structure  of  Ohio  need  no  qualification,  but  this  regularity 
of  the  state,  as  a  whole,  is  not  inconsistent  with  the  existence  of  a  feyF 
minor  folds  and  arches  distributed,  especially  through  the  eastern  half 
of  our  territory. 

Beginning  at  Columbiana  county  on  our  eastern  border,  a  low'axis 
is  found  entering  the  state  from  western  Pennsylvania.  It  crosses  the 
Little  Beaver  a  few  miles  above  its  mouth,  near  Fredericktown.  It  was 
first  recognized  by  White,  who  named  it  the  Fredericktown  anticlinal. 
(Report  on  Lawrence  county  and  the  Ohio  line,  2d  Penna.  Survey.)  it 
is  probably  this  axis  that  enters  the  Ohio  Valley  near  East  Liverpool, 
and  that  makes  the  conspicuous  arch  between  that  place  and  Wellsville. 
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Another  slight  fold  is  found  along  the  line  of  the  Cleveland  and 
Pittsburgh  Railroad.  Its  elevation  is  small  and  its  extent  has  not  been 
traced.  The  highest  point  of  the  arch  on  this  line  is  near  Salisbury.  It 
may  be  called  the  Salisbury  anticlinal.  It  was  first  noted  by  Newberry. 
(Geol.  of  Ohio,  Vol.  Ill,  page  94.) 

Below  Steubenville  for  a  few  miles  there  is  an  arrest  of  normal  dip, 
which  has  the  effect  and  is,  probably,  the  result  of  a  low  fold.  The 
Wellsburg  gas  field  is  located  in  this  region. 

In  the  counties  adjoining  Columbiana  and  Jefferson,  already  re- 
ferred to,  no  axes  deserving  the  name  have  been  thus  far  found.  The 
search  for  them  has  not  been  thorough,  it  is  true,  but  the  two  lines  of 
railway  that  cross  Belmont  county,  for  example,  have  been  examined 
for  folds  in  the  strata  traversed  by  them,  with  negative  results.  The 
same  thing  is  true  of  Harrison,  on  its  southern  side.  Stevenson  de- 
scribes a  small  anticlinal  passing  through  Cadiz.  (Geol.  of  Ohio,  Vol. 
Ill,  page  201.)  Throughout  these  districts,  aside  from  the  points  named, 
the  strata  all  seem  to  lie  in  their  regular  planes  of  slight  and  gradual 
descent  to  the  east  of  south. 

In  order  to  test  carefully  these  important  facts  of  structure,  a  line 
of  levels  was  run  for  the  survey  by  Prof.  C.  N.  Brown,  from  Zanesville 
to  Bellaire,  along  the  Baltimore  and  Ohio  Railroad.  The  levels  were 
connected  at  all  available  points  with  the  geological  elements  that  are 
due  in  this  field.  The  results  of  this  careful  work  are  shown  in  the  ac* 
companying  section.  In  it  the  Cambridge  arch  is  the  only  distinct 
anticlinal  that  appears.  There  is  a  slight  flattening  of  dip  three  miles 
east  of  Quaker  City,  and  sundry  hints  of  possible  uplift  or  arrest  of  dip. 
The  section  shows,  however,  in  striking  terms,  the  extreme  regularity  of 
structure  of  eastern  Ohio.    Other  examinations  confirm  this  same  view. 

Further  west  and  north,  however,  through  portions  of  Stark,  Tus- 
carawas, Guernsey  and  Muskingum  counties,  there  is  quite  a  broad  and 
extended  tract  throughout  which  the  normal  dip  of  the  strata  is  sus- 
pended or  otherwise  interfered  with. 

At  least  one  well  marked  fold  occurs  in  this  field,  the  summit  of 
which,  on  the  line  of  the  Baltimore  and  Ohio  Railroad,  is  at  or  near 
Cambridge,  and  it  can  accordingly  be  named  the  Cambridge  anticlinal. 
The  belt  of  country  above  referred  to  lies  within  the  margin  of  the  coal 
field,  and  by  the  arrest  of  normal  descent  of  the  strata  the  coal  seams  of 
the  Lower  Measures  are  kept  within  easier  reach  than  they  would  other- 
wise show. 

The  Cambridge  anticlinal  was  first  recognized  by  Stevenson.  (Ge- 
ology of  Ohio,  Vol.  Ill,  page  220.)  He  also  reports  a  second  fold  in  the 
same  region. 
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It  is  probable  that  the  Subcarboniferous  series  north  and  west  of 
the  region  last  described,  has  been  affected  by  a  similar  movement. 
Facts  that  are  coming  to  light  in  Knox,  Coshocton,  Holmes  and  other 
counties  seem  to  point  in  this  direction. 

In  Washington  county  several  lines  of  moderate  uplift  have  long 
been  known.  Special  interest  has  centered  in  them  as  sources  of  pe- 
troleum.   They  are  described  in  the  chapter  on  the  Macksburg  Oil  Field. 

The  diflBculty  of  determining  the  dip  in  the  shale  series  of  north- 
eastern Ohio  has  already  been  pointed  out.  It  arises  from  the  absence 
of  easily  recognized  horizons  in  this  formation.  In  the  deep  ravines 
and  gorges  by  which  the  shales  are  traversed,  opportunities  are  occa- 
sionally afforded  to  follow  particular  beds  for  a  mile  or  two,  and  thus  to 
note  their  flexures,  but  it  is  only  when  the  Berea  grit  above  the  shales 
is  reached,  or  when  the  drill  strikes  the  Devonian  limestone  under- 
neath them,  that  we  acquire  horizons  clear  and  trustworthy  enough  to 
be  used  in  large  and  connected  calculations  of  the  dip  in  which  all  the 
strata  share.  The  Berea  grit  has  been  used  as  largely  as  possible  for 
thin  service,  and  a  considerable  number  of  facts  pertaining  to  the  struc- 
ture of  the  regions  in  which  it  is  found  are  given  in  Chapter  IV.  In  its 
outcrops  in  Lorain,  Erie  and  Huron  counties  particularly,  the  local  dis- 
turbances involving  this  formation  are  numerous  and  considerable. 
There  are  but  few  of  the  sandstone  quarries  in  which  steep  dips  are  not 
found,  the  directions  of  which  sometimes  change  in  a  single  quarry. 
Adjacent  quarries  show  the  opposite  sides  of  anticlinals  in  some  instances. 
The  facts  have  sometimes  been  explained  as  resulting  from  glacial  agen- 
cies, but  in  all  the  sections  in  which  the  shales  underlying  the  Berea 
grit  are  exposed  to  view,  they  are  found  to  share  fully  in  the  flexures  of 
the  sandstone  cover.  It  may  well  be  that  the  sharply  inclined  portions 
of  the  Berea  grit  were  best  protected  against  denudation  and  glacial 
erosion,  and  that  the  frequency  of  quarries  with  steep  slopes  results  from 
this  fact.  The  larger  undisturbed  or  less  disturbed  portions  of  the  once 
universal  formation  have  been  swept  away  by  the  agencies  of  waste. 

There  is,  however,  a  ridge  of  high -lying  Berea  sandstone  that  runs 
parallel  to  the  shore  of  Lake  Erie,  though  distant  from  it  thirty  or  more 
miles,  that  demands  a  different  explanation.  All  the  sections  involving 
the  continuity  of  the  Berea  grit  southward  from  the  lake  shore,  display 
a  low  arch  at  this  point,  and  when  the  elevations  of  the  Berea  grit  are 
tabulated  a  line  becomes  apparent.  At  Mecca,  the  Berea  grit  is  about 
925  feet  above  tide  at  Akron,  it  is  nearly  the  same  elevation,  viz.,  910 
to  930  feet;  at  Shelby,  it  is  945  feet,  and  at  Plymouth  about  990  feet.  This 
line  of  facts  has  been  noticed  before,  viz.,  in  Vol.  I,  Geology  of  Ohio, 
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page  40,  but  the  explanation  there  offered  of  the  facts,  viz.,  that  the 
apparent  uplift  is  due  to  the  great  thickening  of  the  shale  series  to  the 
southward,  fails  to  cover  the  ground.  The  shale  series  expands  from 
800  feet  at  Elyria  to  1,860  feet  at  Akron,  as  is  elsewhere  shown,  but  where 
the  sandstone  lies  highest,  at  Shelby  and  Plymouth,  the  shales  are  but 
650  feet  thick,  which  is  150  or  more  feet  less  than  at  Elyria.  The  Berea 
grit  at  Plymouth  is  300  feet  higher  than  the  same  stratum  at  Elyria. 
The  only  explanation  of  the  facts  that  appears  adequate,  is  the  obvious 
one  that  a  low  anticlinal  extends  from  Shelby  through  Akron  to  Mecca^ 
in  a  line  about  N.  70""  E. 

It  is  this  Akron  arch  that  constitutes  the  watershed  of  northern 
Ohio  for  at  least  a  part  of  its  extent.  It  also  seems  to  pr<9vide  a  natural 
southern  boundary  for  Lake  Erie.  The  lake  basin  would,  according  to 
this  view,  be  a  synclinal. 

It  must  be  acknowledged,  however,  that  we  have  not  yet  facts 
enough  to  fully  establish  the  continuity  of  the  fold  that  is  here  suggested* 
The  points  from  which  measurements  are  reported  are  so  far  apart  that 
there  is  room  between  them  for  depressions  in  the  stratum  on  which  we 
rely.  In  accordance  with  such  a  view,  Akron  might  lie  on  one  low  axis 
and  Shelby  on  another. 

The  first  explanation  suggested  is  believed  to  be  most  consonant 
with  all  the  facts  in  hand. 

To  sum  up  the  statements  now  made,  we  know  but  comparatively 
few  arches  in  Ohio,  and  these  few  are  moderate  in  slope  and  small  in 
height.  Fuller  knowledge  of  our  geology  will  doubtless  give  us  a  larger 
number  of  these  low  folds,  but  there  is  little  probability  that  any  sharp 
and  well  defined  anticlinals  have  altogether  escaped  notice.  Those  that 
remain  to  be  discovered  will  agree  with  those  already  known,  in  break- 
ing up  the  monotony  of  our  series  by  the  suspension  or  occasional 
reversal  of  the  prevailing  dip  and  in  requiring  close  and  accurate 
measurements  for  their  detection. 

By  untrained  observers,  the  watersheds  of  our  drainage  channels 
are  often  mistaken  for  anticlinals.  If  anticlinals  traverse  the  series 
where  these  identifications  are  made,  they  may  well  serve  to  divide  the 
drainage  systems  from  each  other,  but  such  ^'divides"  do  not  by  any 
means  require  these  structural  accidents  as  the  conditions  on  which 
they  depend.    Anticlinals  must  be  demonstrated,  not  inferred. 

The  problems  of  our  geology  in  this  field  are  dependent  on  the  use 
of  the  level.  Accurate  and  connected  series  of  elevations  of  well-settled 
horizons  are  indispensable  to  their  solution.  In  the  First  Geological 
Survey  of  the  state,  Whittlesey  recognized  the  need  of  physical  determin- 
ations of  the  various  elements  of  our  coal  fields  in  particular,  and  he 
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began  at  that  time  a  valuable  series  of  measurements,  but  his  work  was 
of  necessity  hampered  by  a  want  of  well -determined  geological  horizons. 
The  essential  facts  of  identification  of  strata,  without  which  the  most 
careful  measurements  are  futile,  could  only  be  secured  by  the  prolonged 
study  and  the  economical  development  of  the  field,  the  latter  by  means 
of  the  introduction  of  railway  lines  and  the  utilization  of  its  minerals 
on  a  large  scale. 

This  work  of  development  has  now  been  carried  forward  on  both 
the  scientific  and  the  economic  sides  to  such  a  point  that  definite  solu- 
tions of  many  of  the  questions  of  our  structural  geology  are  easily 
attainable. 

There  are  but  few  districts  known  in  Ohio  in  which  disturbances 
are  to  be  found  that  fairly  deserve  the  name  of  faults.  In  the  northeast 
corner  of  Adams  county  and  in  adjacent  territory,  there  are  a  number 
of  square  miles  throughout  which  the  strata  are  really  dislocated.  The 
Berea  grit  is  found  in  contact  with  the  Niagara  shale  in  some  instances. 
The  throw  of  such  faults  must  be  at  least  400  feet.  Faults  of  this  char- 
acter in  Ohio  geology  are  as  unusual  and  unexpected  as  trap  dykes  in 
northern  Kentucky,  the  latter  of  which  have  been  recently  reported  by 
Crandall  (Ky.  Geol.  Survey). 

In  Qeology  of  Ohio,  Vol.  V,  page  262,  mention  was  made  of  a  small 
area  of  disturbance  in  the  vicinity  of  Mineral  Point,  Tuscarawas  county. 
No  new  facts  have  been  gathered  from  this  region.  The  Pindlay  mono- 
clinal  has  been  referred  to  already,  and  will  be  further  described  in  a 
subsequent  chapter. 

The  account  of  our  structural  geology,  here  given,  seems  called  for 
in  this  connection  by  reason  of  the  prominence  that  is  given  to  anli- 
clinals  in  the  discussion  and  discovery  of  the  recent  natural  gas  supply 
of  western  Pennsylvania.  The  great  wells  upon  which  Pittsburgh 
depends  are  unquestionably  located  on  the  summits  of  pronounced  folds. 
This  fact  has  led  to  an  eager  inquiry  in  regard  to  similar  folds  in  Ohio. 
The  answer  to  such  inquiries  is  that  folds  similar  and  equal  to  the  great 
anticlinals  of  western  Pennsylvania  and  West  Virginia  were  never 
formed  and  consequently  will  never  be  found  in  Ohio.  Our  supply  of 
this  much-prized  and  eagerly-sought  fuel,  whatever  it  shall  prove  to  be, 
must  be  independent  of  any  conspicuous  and  easily-traced  folds  in  our 
surface  rocks. 


OHA.PTEII  II. 

THE  ORIGIN  AND  ACCUMULATION  OF  PETROLEUM  AND 

NATURAL  GAS. 


By  Edwabd  Obton. 


Natural  gas  and  petroleum  belong  in  a  list  of  products  of  the  crust 
of  the  earth  to  which  we  give  the  name  of  bitumens.  Other  bodies  in 
the  same  list  are  the  semi-fluid  maltha  and  the  solid  asphaltum.  All 
of  these  substances  unquestionably  have  a  similar,  general  history. 
They  are  found  under  the  same  conditions  and  the  transitions  from  one 
to  another,  as  of  petroleum  to  asphalt,  can  be  often  noted.  They  are 
technically  known  as  hydrocarbons,  carbon  and  hydrogen  constituting 
almost  their  entire  substance,  the  former  making  about  85  per  cent, 
and  the  latter  about  13  per  cent,  of  them. 

They  have  long  been  known  to  man,  and  their  use  antedates  history, 
but  the  importance  which  they  now  possess  in  the  civilized  world  is  of 
quite  recent  date.  The  discovery  and  use  of  petroleum  on  the  large 
scale  is  included  within  the  last  twenty-five  years,  and  all  of  the  really 
important  applications  of  natural  gas  belong  to  our  own  day,  and  are 
now  in  their  initial  stages. 

Within  the  last  fifty  yearp,  and  particularly  within  the  last  twenty- 
five  years,  much  has  been  written  by  geologists  and  chemists  upon  the 
origin  and  modes  of  accumulation  of  petroleum  and  gas. 

Our  knowledge  as  to  the  conditions  of  their  occurrence  in  the  rocks 
has  been  very  greatly  extended,  and  various  theories  have  been  advanced 
to  account  for  the  facts  brought  to  light.  There  is  no  one  theory  that 
commands  universal  acceptance,  and  here,  as  elsewhere,  it  is  no  doubt 
true' that  theories  are  sometimes  found  opposed[to  each  other  because 
they  respectively  regard  but  one  side  of  a  subject  which  has  more  than 
one  side.  . 

Brief  statements  of  the  more  commonly|  received  views  as  to  the 
origin  and  accumulation  of  these  bituminous  compounds  will  here  be 
given.  The  statements  are  mainly  derived  from  the  excellent  work  of 
Prof.  S.  P.  Peckham,  on  "Petroleum  and  its  Products,  "  contained  in  the 
10th  volume  of  the  special  Reports  of  the  United  States  Census  Bureau 
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for  1880,  to  which  the  reader  who  desires  fuller  discussions  of  the  subjects 
here  treated  must  refer. 

A.    ORIGIN. 

The  theories  as  to  the  origin  of  petroleum  and  natural  gas  can  be 
divided  into  two  main  groups,  viz.,  (1)  those  which  refer  these  bodies 
to  inorganic  sources,  or  in  other  words,  which  make  them  the  result  of 
chemical  affinity  acting  on  mineral  matter,  and  (2)  the  theories  that 
regard  them  as  the  result  of  a  partial  decomposition  of  vegetable  or 
animal  substances  that  have  been  stored  up  in  the  rocks. 

These  two  classes  of  theories  will  be  briefly  considered. 

I.    Theories  of  Chemical  Origin. 

It  has  been  claimed  by  a  number  of  chemists,  some  of  whom  have 
high  standing  in  the  scientific  world,  that  the  several  members  of  the 
series  now  under  consideration  can  be  referred  to  a  purely  mineral 
origin. 

1.  In  1866,  the  distinguished  French  ;.  chemist,  Berthelot,  pro- 
pounded a  theory  that  would,  in  his  view,  account  for  all  of  the  natural 
hydrocarbons  in  this  way.  He  supposed  the  alkali  metals,  viz.,  potas* 
slum  and  sodium,  to  exist  in  the  interior  of  the  earth  in  a  free  or  un- 
combined  state  and,  necessarily,  at  a  high  temperature.  It,  now,  water 
carrying  in  solution  carbonic  acid — and  the  crust  of  the  earth  abounds 
in  both— should  find  access  to  these  metals,  he  pointed  out  the  steps  of 
the  chemical  action  that  must  take  place,  and  that  would  result  in  the 
formation  of  a  series  of  hydrocarbon  compounds.  In  this  case,  the  pro- 
cess of  oil  and  gas  formation  would  be  deep-seated  and  continuous,  the 
reactions  that  give  birth  to  them  being  constantly  renewed  in  the  re- 
cesses of  the  earth. 

2.  Another  theory  that  invokes  chemical  force  only  for  the  origin 
of  these  bodies,  was  advanced  by  the  eminent  Russian  chemist,  Mendel- 
jefiT,  in  1877.  It  attracted  a  large  measure  of  attention  and  interest 
throughout  the  scientific  world.  He  supposed  the  interior  of  the  earth 
to  contain  large  masses  of  metallic  iron,  and  also  metallic  carbides 
(compounds  of  carbon  and  metals),  all  at  a  high  temperature.  The  con- 
tact of  water  under  these  conditions  with  these  bodies  would,  in  his 
view,  generate  metallic  oxides  and  hydrocarbons.  Mendeljefi,  accord- 
ingly, holds  that  petroleum  is  never  of  organic  origin,  but  is  as  purely 
a  product  of  chemical  affinity  as  a  veinstone,  or  an  ore.  It  would  follow 
from  this  theory,  also,  that  the  process  of  oil  and  gas  formation  is  con- 
tinuous. 
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There  are  several  other  theories  of  the  same  general  character,  but 
none  that  have  been  supported  by  as  great  authority,  or  that  have 
attracted  as  wide  attention  as  the  two  already  named. 

In  regard  to  this  class  of  theories,  it  is  to  be  observed  that  they  are 
the  work  of  chemists  and  not  of  geologists,  and,  as  might  be  expected, 
they  match  better  with  the  chemical  than  with  geological  facts  involved. 
They  especially  fail  to  account  for  the  different  sorts  of  oil  and  gas  that 
characterize  different  rocks,  as  limestone  and  sandstone,  for  example. 
More  important  still,  they  fail  to  account  for  the  distribution  of  petroleum 
and  gas. 

It  is  further  to  be  observed  that  the  hypotheses  which  they  depend 
on,  and  which  are  indispensable  to  the  theories,  are  of  the  sort  that  are 
doomed  forever  to  remain  hypotheses.  They  are,  in  their  nature,  inca- 
pable of  verification.  They  cannot  advance  beyond  their  present  stage, 
that  of  chemical  and  geological  possibilities.  There  are  fields  of 
scientific  speculation  in  which  we  have,  and  from  the  nature  of  the  case, 
can  have  only  such  materials,  but  this  is  not  true  of  the  subjects  now 
under  consideration.  In  the  fact  that  all  of  these  theories  '^  require  the 
assumption  of  operations  nowhere  witnessed  in  nature  or  known  in 
technology,"  we  find  enough  to  condemn  them  or,  at  least,  enough  to 
forbid  any  large  measure  of  confidence  in  them. 

11.    Thboribs  of  Organic   Origin. 

The  theories  of  the  next  class  stand  on  a  very  different  footing  from 
those  already  named.  According  to  them,  petroleum  and  natural  gas 
are  derived  from  vegetable  and  animal  matter  contained  in  the  rocks  in 
which  they  are  found  or  in  associated  strata.  The  argument  for  this 
view  is  simple  and  direct.  Compounds,  similar  to  or  identical  with 
petroleum  and  natural  gas,  are  easily  derived  by  the  process  of  destruc- 
tive distillation  from  both  vegetable  and  animal  substances,  as  from 
wood,  peat,  bones,  oil,  etc. 

The  manufacture  of  artificial  gas  from  bituminous  coal  is  also  a 
familiar  illustration  of  the  possibilities  in  this  direction.  Bituminous 
shale  may  be  substituted  for  coal  in  the  manufacture,  and  may  be  made 
to  yield  a  series  of  these  bituminous  products,  including  both  petroleum 
and  gas. 

Further  than  this,  the  decay  of  vegetation,  at  ordinary  temperatures, 
gives  rise  to  light  carburetted  hydrogen  or  marsh  gas,  if  the  air  is 
excluded  from  the  decaying  substance.  These  conditions  are  met  when 
vegetable  matter,  as  wood  and  leaves,  is  buried  at  the  bottoms  of  ponds 
and  lakes,  or  on  a  larger  scale,  in  the  beds  of  glacial  drift.  As  is  well 
known,  large  accumulations  of  ancient  vegetation  are  buried  in  or 
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beneath  the  bowlder  clay  in  many  parts  of  the  country,  and  these  masses 
sometimes  yield  gas  in  large  enough  amount  to  be  of  economic  value. 
Peat  bogs  not  only  yield  inflammable  gas,  but  sometimes  produce  other 
members  of  the  bitumen  series,  nearly  allied  to  petroleum  and  asphaltum, 
as  has  been  shown  by  many  competent  observers,  and  among  them  the 
veteran  English  geologist,  E.  W.  Binney,  may  be  specially  named.  In 
a  word,  it  is  scarcely  too  much  to  say  that  in  the  natural  or  artificial 
decomposition  of  organic  substances  in  the  absence  of  air,  both  petroleum 
and  gas  are  normal  products.  If  this  is  so,  and  if  in  the  rocks,  both 
material  and  force  are  found  that  would  produce  these  substances  in  the 
ordinary  course  of  nature,  why  invent  far-fetched  and  unverifiable 
theories  to  account  for  their  presence  ? 

While,  therefore,  the  derivation  of  petroleum  and  gas,  from  vegetable 
or  animal  substances,  is  at  present  accepted  by  almost  every  one  whose 
opinions  on  the  subject  are  entitled  to  consideration,  there  is  still  a  good 
deal  of  diversity  of  view  as  to  the  manner  in  which  the  work  has  gone 
forward.  In  fact  the  enquirer  soon  learns  that  beyond  the  general  con- 
clusion already  noted,  there  is  little  agreement  among  our  most  respon- 
sible authorities  as  to  the  particular  mode  of  origin  of  the  substances 
under  discussion.  There  is  not  only  a  want  of  positive  knowledge  upon 
the  subject,  but  there  is  also  a  lack  of  self-consistent  and  thorough-going 
theory.  Two  views  have  become  especially  prominent  in  this  country 
in  the  discussions  of  the  last  twenty  years,  and  to  the  one  or  other  of 
these,  most  of  those  persons  who  seek  for  well-balanced  and  presentable 
opinions  on  this  line  of  questions,  are  found  to  subscribe. 

The  first  view  is,  that  petroleum  is  in  large  part  derived  from  the 
primary  decompoMum  of  organic  matter  ihAt  was  stored  in,  or  associated 
with  the  strata  that  now  contain  it.  According  to  this  view,  the  de- 
composition was  mainly  efiected  in  sthA,  and  the  product  resulting  is 
therefore  mainly  indigenoiM  to  the  rock  in  which  it  is  found.  The  last 
feature  is  seized  upon  in  most  popular  statements,  and  a  theory  of  indigC' 
novs  origin  is  made  to  include  most  beliefs  of  this  class.  It  must  be 
borne  in  mind,  however,  that  no  author  is  to  be  found  who  holds  strictly 
and  consistently  to  such  indigenous  origin,  but  the  name  can  still  be 
used  as  a  general  designation  without  harm. 

The  second  view  is  that  petroleum  is  derived  from  the  secondary  de- 
composition of  organic  matter  stored  in  the  rocks.  It  supposes  the  original 
vegetable  and  animal  matter  to  have  suffered  a  partial  transformation 
and  to  be  now  held  in  the  rocks  as  hydrocarbon  compounds,  from  which, 
by  a  process  of  distillation,  oil  and  gas  are  derived.  The  so-called  bitumin- 
ous shales  are  counted  the  chief  sources  of  these  products.  After  distil- 
lation, it  is  held  that  the  gas  and  oil  are  mainly  carried  upward  by 
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hydrostatic  pressure  co  some  overlying  porous  stratum  that  serves  as  a 
reservoir.  This  class  of  views  can  be  conveniently  grouped  under  the 
name  of  the  distillation  theory. 

A  few  words  will  be  devoted  to  each  of  these  theories. 

1.     Theory  of  Origin  from  Primary  Decomposition  of  Organic  Matter, 

a.   Statement  of  Hunt^s  Theory. 

The  most  elaborate  and  effective  exposition  of  the  theory  that  pe- 
troleum is  derived  from  the  primary  decomposition  of  organic  tissue,  is 
that  of  Dr.  T.  Sterry  Hunt.  He  urges,  with  great  force  and  vigor,  the 
view  that  petroleum  mainly  originates  in  and  is  derived  from  lime- 
stpnes.  When  found  in  limestones  he  counts  the  oil  indigenous,  but 
when  found  elsewhere,  as  in  sandstones  and  conglomerates,  he  counts  it 
adventitious,  and  he  then  refers  it  to  underlying  limestones.  In  regard 
to  this  latter  point,  however,  he  makes  concessions,  as  will  be  seen  on  a 
later  page. 

The  following  extracts  from  various  articles  that  he  has  published, 
contain  a  clear  statement  of  his  views  upon  this  subject. 

In  speaking  of  the  oil  fields  of  Canada,  he  says  : 

"  The  facts  obberved  in  this  locality  appear  to  show  that  the  petroleum,  or  the 
gubetance  which  has  given  rise  to  it,  was  deposited  in  the  hed  in  which  it  is  now 
found  at  the  formation  of  the  rock.  We  may  suppose  in  these  oil-bearing  beds  an 
accumulation  of  organic  matters,  whose  decomposition  in  the  midst  of  a  marine  cal- 
careous deposit,  has  resulted  in  their  complete  transformation  into  petroleum,  which 
has  found  a  lodgment  in  the  cavities  of  the  shells  and  corals  immediately  near.  Its 
absence  from  the  unfilled  cells  of  corals  in  the  adjacent  and  interstratified  beds, 
forbids  the  idea  of  the  introduction  of  the  oil  into  these  strata  either  by  distillation 
or  by  infiltration.  The  same  observationB  apply  to  the  Trenton  limestone,  and  if  it 
shall  be  hereafter  shown  that  the  source  of  petroleum  (as  distinguished  from  asphalt) 
in  other  regions  is  to  be  found  in  marine  fossiliferous  limestones,  a  step  will  have 
been  made  toward  a  knowledge  of  the  chemical  conditions  necessary  to  its  form- 
ation."! 

Again,  he  says  : 

"  In  opposition  to  the  generally  received  view,  which  supposes  the  oil  to  originate 
from  a  slow  destructive  distillation  of  the  black  pyroschists,  belonging  to  the  middle 
and  upper  Devonian,  I  have  maintained  that  it  exists,  ready  formed,  in  the  limestones 
below."' 

This  statement  seems  to  recognize  the  possibility  of  the  transfer  of 
petroleum  from  its  sources  to  reservoirs  in  associated  strata. 

Again,  after  describing  the  occurrence  of  petroleum  in  certain  fos- 
sils and  certain  layers  of  the  Corniferous  limestone,  he  says  :* 

1  A.J.S.(2),8S,168. 
I  A.  J.  8.  (2),  46, 861. 
•A.  J.  8.(2),  86,  167. 
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*'The  facts  observed  in  this  locality  appear  to  show  that  the  petroleum,  or  the. 
sabstance  that  has  given  rise  to  it,  was  deposited  in  the  bed  m  which  it  is  now  found 
at  the  formation  of  the  rock." 

Finally,  in  referring  to  the  bitumen-bearing  dolomite  in  the  Niagara 
series  near  Chicago,  he  says : 

**  With  such  sources  ready  formed  in  the  earth's  crust,  it  seems  to  me,  to  say  the 
least,  unphilosophical  to  search  elsewhere  for  the  origin  of  petroleum,  and  to  sup- 
pose it  to  be  derived  by  some  unexplained  process  from  rocks  which  are  destitute  of 
the  substance."    (Essays,  p.  174.) 

In  this  passage,  also,  a  possible  transfer  of  petroleum  seems  to  be 
recognized. 

These  statements  leave  nothing  to  be  desired  as  to  clearness  and 
explicitness.  The  author's  view  could  not  well  be  put  into  more  concise 
terms  than  he  has  used.  It  must  be  added,  however,  that  he  has  some- 
times  described  the  oil  of  Pennsylvania  and  Ohio  as  indigenous  to  the 
Devonian  and  Carboniferous  sandstones  which  contain  it.  (Essays,  p. 
171.) 

^,^  Professor  J.  P.  Lesley  has  also  urged  the  view  that  petroleum  is  de- 
rived, at  least  in  some  conspicuous  instances,  from  vegetable  remains 
that  are  still  found  associated  with  it  in  the  rocks,  but  he  does  not  theo- 
rize as  to  whether  it  results  from  primary  or  secondary  decomposition. 
In  a  well-known  paper  on  the  petroleum  of  the  eastern  coal  field  of 
Kentucky,  he  refers  this  petroleum  to  the  great  conglomerate  at  the  base 
of  the  Coal  Measures.    He  says : 

*'  A  conglomerate  age,  or  horiaon  of  petroleum  exists.  This  is  the  main  point  to 
be  stated,  and  must  be  kept  in  view  apart  from  all  other  ages  or  horixons  of  oil^ 
whether  later  or  earlier  in  order  of  geographical  time.  The  rock  itself  is  full  of  the 
remains  of  coal  plants,  from  the  decomposition  of  which  the  oil  seems  to  have  been 
made For  hundreds  of  square  miles  this  vast  stratum  of  ancient  sea- 
sand  is  a  thick  packed  herbarium  of  coal-measure  plants.  ....  We  can  easily 
conceive  of  the  wide,  flat,  sandy  shores  of  the  coal  islands  of  the  ancient  archipelago 
of  the  coal  era  becoming  completely  charged  with  the  decomposed  and  decomposa- 
ble reliquise  of  both  the  plants  of  the  land  and  the  animals  of  the  sea." 

Professor  Lesley  has  also  advocated  the  indigenous  origin  of  the 
Pennsylvania  petroleums  in  many  of  his  discussions  of  the  subject,  but 
some  of  his  latest  statements  seem  to  show  that  he  also  considers  petro- 
leum and  gas  to  have  been  gathered  in  the  sandstones  that  now  contain 
them,  from  some  lower  source. 

Professor  I.  C.  White  has  also  supported  the  view  that  the  petro- 
leum of  the  third  oil  sand  of  Venango  county,  Pa.,  is  indigenous  to  this 
rock,  basing  his  belief  on  the  abundance  of  vegetable  remains  that  he. 

5  G. 
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finds  in  the  outcrop  of  this  sandstone  in  Erie  county,  Pa.  (  See  Report 
on  Erie  county,  2d  Penna.  Survey,  page  289  ). 

Professor  J.  D.  Whitney  has  expressed  the  belief  that  all  of  the 
bituminous  minerals  of  California,  including  asphalt  and  petroleum,  are 
derived  from  the- remains  of  infusoria  in  mineral  limestones,  but  he  has 
not  expanded  this  view  into  any  formal  statement. 

The  opinions  of  several  eminent  American  geologists  have  now 
been  quoted  in  support  of  the  general  view  that  petroleum  and  gas 
originate  in  the  strata  in  which  they  are  found,  and  so  far  at  least  as 
the  most  extended  statement  is  concerned,  by  the  primary  decomposi- 
tion of  organic  matter. 

The  testimony  of  geologists  from  other  parts  of  the  world  could  also 
be  adduced  to  support  the  above-named  view,  if  it  were  counted  neces- 
sary at  this  point.  It  is  enough  to  say  that  the  opinions  of  a  number 
are  on  record  which  express  in  the  clearest  manner  a  beliaf  in  the 
primary  derivation  and  thus  in  the  indigenous  origin  of  petroleum. 

2.     Theory  of  Origin  from  Distillation. 

The  second  of  the  main  theories  previously  noted,  viz.,  that  petro- 
leum and  gas  are  the  product  of  the  secondary  rather  than  of  the 
primary  decomposition  of  organic  substances,  or  in  other  words,  that 
they  are  derived  from  the  hydrocarbons  of  the  rocks  by  a  process  of 
distillation,  is  accepted  far  more  widely  than  the  view  previously 
named.  In  connection  with  this  theory,  it  has  always  been  held  that 
these  products  of  distillation  are  carried  upwards  by  hydrostatic 
pressure  to  be  stored  in  porous  seservoirs  or  to  escape  at  the  surface. 
This  doctrine  has  without  doubt  aided  in  giving  currency  to  the  distil- 
lation theory  with  which  it  has  always  been  associated,  but  it  must  be 
observed  that  it  is  not  incompatible  with  the  first-named  theory  of  the 
origin  of  petroleum,  and  that  it  has  been  of  necessity  recognized,  at  least 
by  implication,  by  the  advocates  of  the  first  theory.  Whatever  the 
origin  of  petroleum,  it  is  certain  that  it  has  been  accumulated  by  the 
method  here  indicated,  at  least  in  many  instances.  The  distillation 
theory  must  therefore  be  considered  by  itself. 

That  petroleum  and  gas  can  be  produced  from  coal,  bituminous 
shales  and  other  rocks  by  the  process  of  destructive  distillation,  is 
known  to  all.  The  same  products,  we  should  have  a  right  to  expect,  if 
similar  rocks  should  be  subjected  to  volcanic  heat  while  buried  deep 
below  the  surface. 

When,  therefore,  we  find  these  or  other  members  of  the  bituminous 
group  present  in  the  rocks  of  volcanic  districts,  or  in  the  neighborhood 
of  hot  springs  or,  in  a  word,  in  regions  where  elevated  rock-temperatures 
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prevail  or  have  recently  prevailed,  we  refer  them  without  hesitation  to 
a  process  of  distillation  from  the  strata  which  the  heat  has  traversed. 
Conditions  are  seen  to  be  at  hand  similar  to  those  which  we  establish 
in  the  artificial  production  of  these  substances.  It  may  be  added  in 
passing  that  petroleum  and  asphalt  are  very  frequently  found  under  the 
circumstances  named  above. 

Such  an  origin  cannot,  however,  be  made  out  for  the  great  supplies 
of  petroleum  and  gas  in  the  eastern  United  States.  These  are,  without 
exception,  drawn  from  regions  which  have  never  been  invaded  by 
igneous  rocks,  and  which  have  been  but  little  disturbed  by  geological 
accidents,  the  uniform  and  monotonous  dip  of  their  formations  being 
only  occasionally  interrupted  by  the  low  arches  that  traverse  them, 

b.    Statement  of  Newberry^8  Distillation  Theory. 

The  theory  that  has  been  most  elaborately  stated,  and  most  widely 
accepted  of  all  advanced  to  account  for  the  oil  and  gas  of  the  Alleghany 
field,  is  that  of  Newberry,  who  refers  the  origin  of  these  substances  to 
the  extensive  deposits  of  Devonian  and  Subcarboniferous  shales,  and 
particularly  black  shales,  that  underlie  the  productive  districts.  He 
considers  petroleum  and  gas  the  products  of  a  slow  spontaneous  distilla- 
tion of  the  organic  matter  of  the  shales,  and  he  regards  the  process  of 
their  formation  a  continuous  one. 

In  his  noted  paper  on  the  "Rock  Oils  of  Ohio,"  published  in  the 
Ohio  Agricultural  Report  for  1859,  he  says : 

"The  precise  process  by  which  petrolemn  is  evolved  from  the  carbonaceoas 
matter  contained  in  the  rocks  which  fumiBh  it  is  not  yet  fally  known,  becaose  we 
cannot  in  ordinary  circumBtances  inspect  it  We  may  fairly  infer,  however,  that  it 
is  a  distillation,  though  generally  performed  at  a  low  temperature. " 

Again  he  says  (Geology  of  Ohio,  Vol.  I,  p.  192)  : 

"  The  origin  of  the  two  hydrocarbons  (petroleum  and  gas)  is  the  same,  and  they 
are  evolved  simultaneously  by  the  spontaneous  distillation  of  carbonaceoas  rocks. " 

In  Vol.  I,  Geology  of  Ohio,  p.  158,  he  says : 

"  I  have  already  referred  to  the  Hnron  shale  as  a  probable  source  of  the  greater 
part  of  the  petroleum  obtained  in  this  country The  considera- 
tions which  have  led  me  to  adopt  this  view  are  briefly  these : 

"  First.  We  have  in  the  Huron  shale  a  vast  repository  of  solid  hydro- carbon- 
aceous matter  which  may  be  made  to  yield  ten  to  twenty  gallons  of  oil  to  the  ton  by 
artificial  distillation.  like  all  other  organic  matter  this  is  constantly  undergoing 
spontaneous  distillation,  except  where  hermetically  sealed  deep  under  rock  and 
water.  This  results  in  the  formation  of  oil  and  gas,  closely  resembling  those  which 
we  make  artificially  from  the  same  substance,  the  manufactured  differing  from  the 
natural  products  only  because  we  cannot  imitate  accurately  the  process  of  nature. 
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**  Second.  A  line  of  oil  and  gas  springs  marks  the  ontcrop  of  the  Huron  shale 
from  New  York  to  Tennessee.  The  rock  itself  is  frequently  found  saturated  with 
petroleum,  and  the  overlying  strata,  if  porous,  are  sure  to  be  more  or  less  impreg- 
nated with  it Again,  the  emanations  of  oil  and  gas  from  the  Lower 

Silurian  rocks  at  Collingwood,  Canada,  and  on  the  upper  Cumberland  River,  Ken- 
tucky, are  associated  with  similar  deposits  of  black  shale  which  represent  the  Utica 
slate  of  New  York. 

"  Third.  The  wells  on  Oil  Creek  penetrate  the  strata  immediately  overlying  the 
Huron  shale,  and  the  oil  is  obtained  from  the  fissured  and  porous  sheets  of  sand- 
stone of  the  Portage  and  Chemung  groups,  which  lie  just  above  the  Huron,  and 
offer  convenient  reservoirs  for  the  oil  it  furnishes. " 

So  far,  at  least,  as  pointing  out  the  sources  of  Pennsylvania  oil  and 
gas,  this  statement  has  met  with  wide  acceptance  among  geologists. 
Peckham  says  of  the  oils  of  Pennsylvania  and  adjacent  territory  : 

'*  These  oils  are  undoubtedly  distillates  and  of  vegetable  origin.  The  proof  of 
this  statement  seems  overwhelming.  Pennsylvania  petroleum  was  examined  in 
1865  by  Warren  and  Storer,  in  this  country,  and  in  1863  by  Pelouze  and  Cahourt  in 
France,  who  found  the  lighter  portion  to  consist  of  a  certain  series  of  hydrocarbons, 
identical  with  those  obtained  in  the  destructive  distillation  of  coal,  bituminous  shales 
and  wood,  when  the  operation  was  conducted  at  low  temperatures.  "—Census  Re- 
ports X,  69). 

To  most  of  those  who  have  studied  the  subject  with  care,  a  state- 
ment  even  as  positive  and  emphatic  as  this  will  seem  in  its  main  claim 
scarcely  too  strong.  The  vegetable  matter  to  which  Peckham  refers  the 
origin  of  Pennsylvania  petroleum  must  be  mainly  the  organic  matter 
contained  in  the  Devonian  shales  which  underlie  the  productive  regions, 
and  presumably  of  vegetable  origin. 

Precisely  what  is  meant  by  the  term  ^'spontaneous  distillation," 
in  Newberry's  theory,  it  is  not  easy  to  determine,  as  his  statements  are 
not  explicit  in  regard  to  all  of  the  points  in  regard  to  which  questions 
would  arise.  He  does  not  seem  to  require,  for  oil  production,  any  un- 
usual temperature.  He  speaks  of  the  distillation  as  '*  constant,  "  and  as 
going  on  "  at  a  low  temperature.  "  He  never  uses  the  term  "  destructive 
distillation,"  and  though  he  sometimes  compares  the  production  of 
natural  gas  to  processes  included  under  the  head  of  destructive  distilla- 
tion, there  are  other  passages  in  which  he  seems  to  make  distillation 
cover  the  ordinary  decomposition  of  organic  matter  in  stations  from 
which  the  air  is  mainly  excluded.  This  is  not,  however,  an  authorized 
use  of  the  word.  Distillation,  as  distinguished  from  decomposition, 
requires  and  depends  upon  the  action  of  temperatures  decidedly  above 
the  normal,  in  other  words,  of  high  rather  than  of  low  temperatures. 
In  fact,  there  is  no  process  known  under  the  name  of  distillation  by 
which  the  substances  under  consideration  could  be  produced  from 
organic  matter  in  the  rocks,  except  destructive  distillation.    Those  who 
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have  criticised  Newberry's  theory  have,  in  all  instances,  counted  de- 
structive distillation  as  involved. 

c.    Statement  of  Peckham^s  Distillation  Theory. 

There  is,  however,  another  statement  of  the  distillation  theory  that 
must  be  briefly  considered.  It  is  that  of  Peckham.  It  is  clear  and 
self-consistent,  recognizing;  all  the  necessary  factors  and  conditions.  He 
refers  the  oil  and  gas  of  Pennsylvania,  and  adjacent  territory,  to  a  dis- 
tillation effected  by  the  heat  that  accompanied  the  elevation  of  the  Ap- 
palachian mountain  system.    He  says  (Census  Reports  X,  70): 

"  Bitumens  are  not  the  product  of  the  high  temperatures  and  violent  action  of 
volcanoes,  but  of  the  slow  and  gentle  changes  at  low  temperature,  due  to  metamor- 
phic  action  upon  strata  buried  at  immense  depths It  is  not  neces- 
sary here  to  discuss  the  nature  or  origin  of  metamorphic  action.  It  is  sufficient  for 
our  purpose  to  know  that  from  the  Upper  Silurian  to  the  close  of  the  Carboniferous 
periods,  the  currents  of  the  primeval  ocean  were  transporting  sediments  from  north- 
east to  southwest,  sorting  them  into  gravel,  sand  and  clay,  forming  gravel  bars  and 
great  sand-beds  beneath  the  riffles,  and  clay-banks  in  still  water,  burying  vast  ac- 
cumulations of  sea-weeds  and  sea-animals  far  beneath  the  surface.  The  alteration, 
due  to  the  combined  action  of  heat,  steam  and  pressure  that  involved  the  formations 
of  the  Appalachian  system  from  Point  Gaspe,  in  Canada,  to  Lookout  Mountain,  in 
Tminessee,  involving  the  Carboniferous  and  earlier  strata,  distorting  and  folding 
them,  and  converting  the  coal  into  anthracite,  and  the  clays  into  crystalline  schists, 
along  their  eastern  border,  could  not  have  ceased  to  act  westward  along  an  arbitrary 
line,  but  must  have  gradually  died  out  farther  and  farther  from  the  surface. 

"  The  great  beds  of  shale  and  limestone  containing  fucoids,  animal  remains  and 
even  indigenous  petroleum,  must  have  been  invaded  by  this  heat  action  to  a  greater 
or  less  degree 

*'Too  little  is  known  about  petroleum  at  this  time  to  enable  any  one  to  explain 
all  the  phenomena  attending  its  occurrence  on  any  hypothesis,  but  it  seems  to  me 

that  the  different  varieties  of  petroleum are  the  products  of  fractional 

distillation,  and  one  of  the  strongest  proofs  of  this  hypothesis  is  found  in  the  large 
content  of  paraffine  in  the  Bradford  oil,  under  the  enormous  pressure  to  which  it  is 
subjected 

''If  this  hypothesis really  represents  the  operations  of  nature, 

then  we  must  seek  the  evidences  of  heat  action  at  a  depth  far  below  the  unaltered 
rocks  in  which  the  petroleum  is  now  stored." 

The  statements  now  presented,  inadequate  and  unfinished  as  they 
appear,  are  probably  the  most  careful  and  extended  that  have  been  made 
upon  the  subject.  They  bring  before  us  two  main  views  as  to  the  origin 
of  petroleum,  viz. : 

(1)  Petroleum  is  produced  by  the  primary  decomposition  of  organic 
matter,  and  mainly  in  the  rocks  that  contained  the  organic  matter.  Of 
this  view,  Hunt  is  one  of  the  chief  advocates. 

(2)  Petroleum  results  from  the  distillation  of  organic  hydrocarbons 
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contained  in  the  rocks,  and  has  generally  been  transferred  to  strata 
higher  than  those  in  which  it  was  formed.  Newberry  and  Peckham 
have  been  quoted  at  length  in  support  of  this  general  theory.  New- 
berry holds  that  a  slow  and  constant  distillation  is  in  progress  at  low 
temperatures.  Peckham  refers  the  distillation  of  the  petroleum  of  the 
great  American  fields  to  the  heat  connected  with  the  elevation  and 
metamorphism  of  the  Appalachian  mountain  system. 

These  three  views  as  to  the  date  of  the  origin  of  petroleum  and  gas 
are  seen  to  cover  almost  all  of  the  possibilities  in  regard  to  the  subject. 
Hunt  believes  petroleum  to  have  been  produced  at  the  time  that  the 
rocks  that  contain  it  were  formed,  once  for  all.  Newberry  believes  it  to 
have  been  in  process  of  formation,  slowly  and  constantly,  since  the 
strata  were  deposited.  Peckham  refers  it  to  a  definite  but  distant  time 
in  the  past,  but  long  subsequent  to  the  formation  of  the  petroliferous 
strata.  He  supposes  it  to  have  been  stored  in  its  subterranean  reservoirs 
from  that  time  to  the  present. 

In  these  several  statements  as  to  origin,  two  questions  are  seen  to 
be  especially  prominent,  viz.;  What  particular  kinds  or  classes  of  rocks 
are  the  sources  of  petroleum,  and  what  is  the  nature  of  the  chemical 
processes  involved  in  its  production  t 

In  answering  the  first  question,  we  find  the  views  of  Hunt  and 
Newberry  distinctly  opposed  to  each  other.  Hunt  counts  limestones  the 
principal  source  of  petroleum,  and  denies  that  it  has  been  produced  by 
distillation  from  bituminous  shales,  while  Newberry  finds  in  these  shales 
the  main  source  of  both  oil  and  gas,  and  vigorously  opposes  the  view 
that  limestones  are  ever  an  important  source  of  either.  (Oeol.  of  Ohio, 
I,  159.) 

It  is  not  necessary  to  follow  the  discussion  in  relation  to  these  points 
further.  It  is  enough  to  say  that  in  the  light  of  present  knowledge  each 
statement  is  right  in  its  particular  affirmations  and  wrong  in  its  general 
denials.  Petroleum  is  undoubtedly  indigenous  to,  and  derived  from 
certain  limestones,  as  Hunt  has  so  strongly  asserted.  On  the  other  hand, 
Newberry's  doctrine  that  the  great  supplies  of  the  Pennsylvania  field 
are  derived  from  Devonian  shales,  is  becoming  more  firmly  established 
and  more  generally  accepted  every  year,  though  it  seems  likely  that 
he  has  laid  too  much  stress  on  bituminous  shales. 

In  other  words,  the  theories  are  not  exclusive  of  each  other.  Dif- 
ferent fields  have  different  sources.  We  can  accept,  without  inconsist- 
ency, the  adventitious  origin  of  the  oil  in  Pennsylvania  sandstones, 
and  its  indigenous  origin  in  the  shales  of  California,  or  in  the  lime- 
stones of  Canada,  Kentucky  or  Ohio. 
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The  double  origin  of  petroleum  from  both  limestones  and  shales — 
and  it  is  not  necessary  to  exclude  sandstones  from  the  list  of  possible 
sources — deserves  to  be  universally  accepted.  In  confirmation  of  this 
double  origin,  it  is  coming  to  be  recognized  that  the  oil  and  gas  derived 
from  these  two  sources  generally  difier  from  each  other  in  noticeable 
respects.  The  oil  and  gas  derived  from  limestones  contain  larger  pro- 
portions of  sulphur  and  nitrogen  than  are  found  in  the  oil  and  gas  of  the 
shales.  Nitrogen  renders  the  oils  unstable,  and  sulphur  compounds 
impart  to  them  a  rank  and  persistent  odor,  from  which  they  can  be  freed 
only  with  great  difficulty.  In  the  case  of  the  oil-bearing  shales  of  Cali- 
fornia, the  petroleum  is  evidently  derived  from  the  animal  remains 
with  which  the  formation  was  originally  filled.  In  composition  this  oil 
agrees  with  the  limestone  oils  already  described.  It  contains  more  than 
four  times  as  much  nitrogen  as  the  Mecca  oil  of  northeastern  Ohio,  and 
its  percentage  of  sulphur  is  very  high.  Peckham  says  of  these  Cali- 
fornia oils: 

''The  exceedingly  unstable  character  of  these  petroleams  considered  in  connec- 
tion with  the  amount  of  nitrogen  that  they  contain,  and  the  vast  aocumnlation  of 
animal  remains  in  the  strata  from  which  they  issue,  together  with  the  fact  that  the 
ireeh  oils  soon  become  filled  with  the  larvae  of  insects  to  such  an  extent  that  pools 
of  petroleum  become  pools  of  maggots,  all  lend  sapport  to  the  theory  that  the  oils 
are  of  animal  origin."    (Vol.  X,  p.  69). 

He  speaks  again  of  this  class  of  petroleums  as  formed  of  animal 
matter  that  has  not  been  subjected  to  destructive  distillation.  (Ibid, 
p.  71). 

It  now  appears  as  if  oil  and  gas  derived  from  animal  remains  can 
be  distinguished  from  those  of  the  bituminous  shales  by  the  characters 
above  described.  Certain  it  is  that  the  ^4imestone  oils"  differ  in 
physical  characteristics  from  the  Pennsylvania  oils,  for  example,  in  a 
marked  degree.  They  are  dark  in  color;  they  are  heavy  oils,  their 
gravity  ranging  generally  from  34^  to  86^  Beaume,  though  sometimes 
rising  to  40°  or  even  42°;  they  have  a  rank  odor,  arising  from  the 
sulphurous  compounds  which  they  contain.  The  oils  of  Canada,  Ken- 
tucky, and  Tennessee,  and  of  the  new  field  in  northwestern  Ohio,  all 
agree  in  these  respects,  and  the  oil  and  gas  of  the  Utica  shale  and  Hud- 
son River  group  of  the  state  fall  into  the  same  category. 

The  organic  matter  of  the  bituminous  shales  has  not  been  positively 
referred  in  the  preceding  statements  to  a  vegetable  source.  Such  a 
source  is  highly  probable,  but  it  cannot  be  said  to  be  fully  demonstrated 
until  the  origin  of  the  so-called  iporangitea  of  the  shales  is  finally  deter- 
mined. There  are  a  few  geologists  who  are  inclined  to  refer  these  forms 
to  hydroid  zoophytes  (animal)  rather  than  with  Dawson  to  marine 
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rhizocarps  (vegetable).  Whatever  their  origin,  they  give  rise  to  petro- 
leum and  oil  of  a  definite  character,  which  is  in  marked  contrast  to  that 
of  the  limestone  oils. 

Which  of  these  theories,  as  to  the  mode  and  time  of  origin  of  petro- 
leum, has  the  most  to  commend  it  ? 

d,     DiscuMum  of  Pechham's  DisUUatian  Theory. 

The  statement  under  the  second  head,  which  refers  it  to  destructive 
distillation  of  carbonaceous  matter  in  the  rocks,  by  the  heat  involved  in 
the  elevation  of  the  Apalachian  Mountain  system,  is  the  latest,  and 
may  well  enough  command  our  first  attention.  ' 

This  theory  demands  the  agency  of  unusual  temperature,  and 
directs  us  *Ho  seek  the  source  of  heat  action  far  below  the  unaltered 
rocks  in  which  the  petroleum  is  now  found." 

How  far  below  ?  If  we  descend  1,000  or  1,500  feet  below  the  Berea 
grit,  which  is  the  great  repository  of  oil  and  gas  in  eastern  Ohio,  we 
reach  the  bottom  (on  an  average)  of  the  Ohio  shale,  and  this  is  the  only 
source  that  we  know  in  our  series  of  oil  and  gas  of  the  Pennsylvania 
type.  But  the  drill  has  repeatedly  gone  down  1,000  or  1,500  feet  below 
the  Berea  grit,  and  not  a  trace  or  hint  of  metamorphic  action  is  found 
in  the  drillings  that  are  brought  up.  In  such  drillings  from  the  deep 
well  at  Canal  Dover,  2,700  feet  below  the  surface,  and  even  1,800  feet 
below  the  Berea  grit,  the  microscopic  spores  that  make  so  characteristic 
a  feature  of  the  black  shales  were  found  in  normal  condition.  All  obser- 
vations attest  not  only  the  general  uniformity  of  the  shale  formation 
throughout  the  state  and  at  all  depths,  but  also  the  entire  absence  of 
any  appearance  of  metamorphic  action. 

The  same  line  of  facts  obtains  in  regard  to  the  limestones  under- 
neath the  shales.  They  have  been  penetrated  to  a  great  depth.  The 
drill  in  the  well  of  the  Cleveland  rolling-mill  rested  at  3,200  feet  below 
the  surface,  but  the  limestones  at  the  bottom  of  the  hole  showed  no 
signs  whatever  of  metamorphism.  The  same  is  true  of  all  the  deep 
borings  of  northwestern  Ohio.  Nearly  the  whole  of  the  Lower  Silurian 
system  has  been  penetrated  there,  and  new  supplies  of  oil  and  gas  are 
found  in  these  rocks,  but  they  obviously  come  from  the  limestone 
themselves,  and  differ  in  a  marked  degree  from  the  oil  and  gas  of  the 
shales.  In  Canada  the  Trenton  limestone  bears  oil  where  it  is  separated 
by  only  a  stratum  of  sandstone  from  the  old  granite  floor  of  the  con- 
tinent. 

But  in  the  second  place,  Peckham  demands  for  oil-production  ^'slow 
and  gentle  changes  at  low  temperature."    We  must  again  ask  for  a 
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limit.  How  low  a  temperature  ?  Must  it  not  be  high  enough  to  agree 
with  the  facts  of  observation  and  experiment  as  to  the  production  of  gas 
and  oil  by  the  destructive  distillation  of  bituminous  shales?  The 
temperature  at  which  such  changes  are  effected  in  the  laboratory  will 
scarcely  be  placed  below  400^  Fahr.  But  the  shales  could  not  be 
brought  to  this  degree  without  sufTering  metamorphic  change.  They 
contain  alkaline  solutions  in  greater  or  less  amount,  and  both  Bischof 
and  Hunt  have  shown  that  when  such  compounds  are  present,  they 
become  powerful  solvents  of  silica  and  silicates  at  as  low  a  temperature 
as  212^  Fahr.  If,  then,  the  temperature  had  been  raised  to  even  212^ 
Fahr.,  there  would  have  been  unmistakable  evidences  of  the  fact  left  in 
the  constitution  of  the  rocks. 

But  if  a  lower  temperature  is  proposed  than  that  which  we  are 
obliged  to  use  in  effecting  destructive  distillation  in  the  laboratory,  we 
are  compelled  to  ask,  on  what  authority  ?  It  is  of  no  use  to  answer  that 
we  do  not  know  at  how  low  temperatures  this  distillation  can  be 
accomplished  in  nature.  This  is  true,  but  it  is  none  the  less  true  that 
if  we  reason  upon  the  subject  at  all,  we  must  be  governed  by  the  facts 
that  our  experience  affords.  Any  other  way  of  reaching  an  answer  is 
assumption,  pure  and  simple. 

In  the  third  place,  this  theory  would  seem  to  necessitate  a  coke  or 
carbonized  residue  in  the  rocks  which  give  rise  to  the  petroleum. 
Inability  to  point  out  such  a  residue  seems  to  have  been  one  of  the 
reasons  that  led  our  author  to  locate  the  source  of  the  oil-distilling  heat 
at  such  gr^at  depth.  He  counts  a  carbon  residue  a  necessity,  but  he 
buries  the  rock  from  which  the  petroleum  is  derived  so  deep  that  we 
cannot  expect  to  obtain  any  direct  knowledge  of  it.  As  has  already 
been  shown,  in  doing  this,  he  drops  below  the  only  known  source  of  oil 
and  gas  of  the  Pennsylvania  type. 

The  absence  of  these  residual  products  constitute  a  real  difficulty  in 
the  way  of  any  distillation  theory. 

On  the  whole,  then,  we  are  obliged  to  conclude  that  Peckham's 
theory  does  not  harmonize  with  the  facts  of  Ohio  geology,  and  that  it 
cannot  be  used  to  explain  the  origin  of  the  substances  whose  history  we 
are  seeking  to  trace. 

e.    Discussion  of  Newbem/s  Distillation  Theory. 

The  remaining  exposition  of  the  distillation  theory  has  already 
been  commented  upon  to  some  extent,  on  a  previous  page.  As  was 
there  shown,  its  scope  and  meaning  are  not  entirely  clear.  If  it 
involves  destructive  distillation,  as  it  seems  to,  the  facts  and  arguments 
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already  brought  forward  will  apply  to  it  without  change.  If  it  does 
not  involve  destructive  distillation,  then  the  theory  requires  to  be 
restated  and  defined  anew.  Destructive  distillation  is  the  heating  of 
organic  substances  beyond  the  point  of  decomposition  without  access  of 
air.  What  '^spontaneous  distillation  "  is  does  not  distinctly  appear.  If 
it  can  be  shown  that  under  the  pressure  of  great  depths,  and  with  the 
normal  increase  of  temperature  due  to  descent,  the  transformations  in 
question  can  go  on,  then  a  basis  is  supplied  for  this  phase  of  the  distil- 
lation theory,  but  so  far  as  known,  there  are  no  facts  whatever  to 
warrant  the  belief  that  such  a  state  of  things  is  true.  If,  instead  of 
distillation,  this  theory  should  substitute  decomposition  of  organic 
tissues  at  ordinary  temperatures  without  access  of  air,  it  would  approach 
the  theory  of  Hunt,  that  petroleum  is  due  to  the  primary  decomposition 
of  organic  matter. 

/.    Didcumon  of  Hunt's  Theory  of  Petroleum  Formatum. 

There  is  something  to  be  said  in  favor  of  Hunt's  theory,  that  petro- 
leum originates  in  the  primary  decomposition  of  organic  substances, 
but  his  restriction  of  oil-production  to  limestones  must,  of  course,  be 
discarded,  and  just  why  the  process  should  be  made  to  terminate  with 
the  formation  of  the  rock  is  not  apparent.  We  know  that  vegetable 
substances  may  remain  unchanged  when  buried  in  the  earth  for  long 
periods,  and  so  long  as  they  are  present  in  unchanged  state,  they  would 
seem  to  be.  available  for  the  process  here  appealed  to. 

Hunt  denies  that  the  so-called  bituminous  shales,  "  except  in  rare 
instances,  contain  any  petroleum  or  other  form  of  bitumen."  (  Essays, 
169). 

This  statement  is  wide  of  the  mark  so  far  as  the  Ohio  shale  is  con- 
cerned. It  is  to  be  regretted  that  quantitative  examinations  have  not 
been  made  as  to  this  point,  but  it  is  certainly  true  that  either  gas  or  oil 
or  both  are  unmistakably  present  throughout  our  great  shale  series,  and 
especially  in  the  black  bands  that  traverse  it.  Whether  taken  from  the 
natural  outcrops  or  from  the  deepest  drillings,  every  fresh  sample  of  the 
black  shale  attests  by  the  characteristic  odor  the  presence  of  these  sub- 
stances. In  drilling  through  the  shale  along  the  shore  of  Lake  Erie, 
in  particular,  the  gas  is  generally  found  in  some  harder  portion  of  the 
light-colored  bands  that  compose  so  large  a  portion  of  the  series,  each 
harder  cap  or  "  shell "  giving  a  new  though  short-lived  supply,  but  the 
real  source  of  the  gas  becomes  apparent  if  the  drill  descends  a  little 
lower  than  the  gas-producing  "  shell,"  when  a  darker  band  is  almost 
invariably  reported. 
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Newberry  states  the  facts  bearing  upon  this  supply  in  the  passage 

already  quoted  (p. ),  and  Shaler  sets  the  same  line  of  facts  in  strong 

light  in  his  discussion  of  the  Ohio  shale  in  Kentucky.  (Vol.  Ill,  page 
109,  Geology  of  Kentucky.) 

But  the  limestone  series  of  Ohio  is  in  very  much  the  same  case  as 
the  shale,  so  far  as  oil  and  gas  are  concerned.  These  substances  are  present 
in  nearly  all  the  limestone  formations  of  the  state,  and  apparently 
indigenous  to  them. 

The  Corniferous  limestone,  the  first  to  be  reached  below  the  Ohio 
shale,  in  some  of  its  fields  and  in  certain  courses,  contains  representatives 
of  this  class  of  substances.  The  Marblehead  limestone,  of  Ottawa  county, 
is  classed  by  Hawes  in  the  tenth  Census  reports*(see  Vol.  X,  page  80,)  as 
a  "  bituminous  dolomite."  It  gives  out  a  bituminous  order  when  struck 
with  a  hammer.  But  other  portions  of  this  limestone  stratum  are  much 
more  bituminous  than  the  Marblehead  stone. 

The  Waterlime  or  Lower  Helderberg  formation  that  comes  next 
below,  is  decidedly  bituminous.  It  contains  grains  of  asphalt  in  cavities 
in  the  rock  and  carbonaceous  films  that  have  had  the  same  origin,  dis- 
tributed through  its  substance.  When  struck  with  a  hammer,  it  gives 
out  the  fetid  odor  of  *'  limestone  oil."  Bowlders  of  it  in  the  drift  can  be 
distinguished  by  this  means  from  all  associated  limestones,  except  a 
part  of  the  Corniferous.  In  Auglaize  county,  this  stone  becomes  an 
asphaltic  limestone,  the  bituminous  element  rising  to  a  notable  percent- 
age. In  other  parts  of  the  state,  also,  the  amount  ot  asphalt  is  so  great 
that  it  is  counted  a  decided  advantage  in  the  calcination  of  the  stone  for 
quicklime. 

The  Niagara  limestone,  as  a  whole,  is  less  bituminous  than  the 
Helderberg,  but  there  are  parts  of  it,  as  in  portions  of  Highland  county, 
that  contains  a  considerable  amount  of  these  products,  mostly  in  the 
shape  of  asphaltic  films  and  grains.  Fossil  corals  are  often  partially 
occupied  by  this  asphalt,  and  petroleum  is  sometimes  found  in  small 
amounts. 

The  Clinton  limestone  is  decidedly  petroliferous  in  almost  all  of  its 
outcrops.  It  yields  oil  in  small  amount  at  many  points  where  quarries 
are  opened  in  it,  and  springs  that  issue  from  it  carry  out  small  quanti- 
ties of  oil.  These  facts  led,  in  the  oil  excitement  of  1860,  to  the  drilling 
of  several  deep  wells  along  its  line  of  outcrop.  By  the  time  the  drill 
was  buried  in  the  rock  this  source  of  oil  was  passed,  and  the  remainder 
of  the  descent  was  relieved  by  but  little  encouragement. 

Small  deposits  of  asphalt  have  been  found  under  convex  surfaces 
of  the  Dayton  limestone,  just  above  the  Clinton  stratum,  the  asphalt 
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being  obviouslj  derived  from  an  inspissation  of  the  oil  of  the  latter 
formation. 

The  limestones  of  the  Cincinnati  group  always  contain  bituminous 
matter  in  their  outcrops,  but  when  penetrated  by  the  drill  they  have 
seldom  yielded  at  any  point  large  supplies  of  oil  or  gas.  Short-lived  flows 
have  been,  however,  frequently  reported  from  this  series,  both  in  north- 
ern and  central  Ohio. 

The  Trenton  limestone,  which  has  few  outcrops  in  the  state,  but 
which  underlies  much,  or  perhaps  all  of  its  surface,  has  been  proved,  by 
means  of  explorations  with  the  drill  during  the  last  year,  to  be  fre- 
quently a  source  of  oil  and  gas.  In  northwestern  Ohio,  it  has  given 
rise  to  an  abundant  supply  of  high-pressure  gas  at  many  localities,  and 
also  to  oil  wells,  which  have  yielded  as  high  as  6000  barrels  of  pe- 
troleum in  a  E(ingle  day.  The  drill  has  penetrated  at  least  500  feet  of 
this  limestone  series,  and  all  portions  of  it  have  been  found  petrolifer- 
ous, but  the  only  great  accumulations  are  found  at  and  near  the  surface 
of  the  stratum. 

The  limestones  and  the  shales  of  our  geological  series  are  thus  seen 
to  agree  in  these  respects.  Both  of  them  carry  petroleum  through  all 
of  their  substance,  and  the  product  of  each  class  has  its  own  character- 
istics. In  other  words,  these  supplies  appear  to  be  indigenous  to  the 
rocks  of  both  groups. 

Hunt^s  theory  as  to  the  petroleum  in  these  limestones  is,  that  it 
was  formed  in  them  at  the  time  the  beds  themselves  were  formed,  ^'by 
a  peculiar  transformation  of  vegetable  matters,  or  in  some  cases  of  ani- 
mal tissues  analagous  to  them  in  composition."  This  is  vague,  it  is 
true,  and  the  stress  is  laid  on  the  wrong  element,  probably,  so  far  as  the 
limestone  oil  is  concerned,  but  why  shall  it  not  be  extended  for 
what  it  is  worth  to  the  other  section  of  our  rocks  in  which  petroleum 
occurs  under  precisely  similar  conditions  ?  If  there  is  good  reason  for 
believing  in  the  contemporaneous  origin  of  oil  and  gas  in  the 
limestones,  and  if  there  is  advantage  to  be  derived  from  the  doctrine  as 
applied  to  them,  the  same  reason  will  be  found  to  exist  in  the  case  of 
the  shales,  and  they  should  be  allowed  the  same  advantage. 

The  advantage  that  can,  perhaps,  be  substantiated  for  this  theory 

is,  that  in  referring  oil  and  gas  to  the  primary  and  not  to  the  secondary 

decomposition  of  organic  matter,  it  rests  upon  processes  which  are  known 

to  be  in  present  operation  in  the  world. 

One  of  the  most  important  papers  on  petroleum  formation  is  Wall's 

report  on  the  Trinidad  asphalt.  A  remarkable  passage  occurs  in  this 
report,  which  bears  directly  on  the  question  before  us.  It  is  as  fol- 
lows, two  sentences  being  here  italicized : 
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"  When  tn  tUu,  it  (the  asphalt)  ia  confined  to  parUcular  strata  which  were  origi- 
nally shales  containing  a  certain  proportion  of  vegetable  dAr%$,  The  organic  maUer 
ha$  undergone  a  tpeeial  minenJuaiion,  producing  hituminoue  in  place  of  ordinary  anihra- 
eiferouM  Bub9iance$.  Tki$  operaium  it  not  aUribuiahle  to  heat  nor  to  the  nature  of  di$tiUation» 
but  it  due  to  chemical  reaeiion  ai  the  ordinary  temperature  and  under  (he  normcd  oonditiont 
of  the  climate.  The  proofs  that  this  is  the  true  mode  of  the  generation  of  the  asphalt 
repose  not  only  on  the  partial  manner  in  which  it  is  distribated  in  the  strata,  bnt 
also  on  nnmerons  specimens  of  the  vegetable  matter  in  process  of  transformation 
and  with  the  organic  stractare  more  or  less  obliterated.  After  the  removal  by  solu- 
tion of  the  bitaminous  material  under  the  microscope,  a  remarkable  alteration  and 
corrosion  of  the  vegetable  cells  becomes  apparent,  which  is  not  presented  in  any 

other  form  of  the  mineralization  of  wood Sometimes  the  emission  is 

in  the  form  of  a  dense,  oily  liquid  from  which  the  volatile  elements  gradually  evapo- 
rate, leaving  a  solid  residue."    (Quart.  Joum.  Geol.  Soc.,  XVI,  467.) 

Wall's  testimony  is  confirmed  by  other  authorities.  (See  Hunt's 
Essays,  177.) 

Petroleum,  rapidly  hardening  into  asphalt,  is  also  recorded  as  oc- 
curring in  some  of  the  small  tributaries  of  the  Goazocoalcas  river  in 
Central  America.  The  petroleum  seems  to  arise  from  the  decomposition 
of  vegetable  remains  with  which  certain  beds  of  shale  are  stored.  (Ma- 
jor J.  G.  Barnard's  Survey  of  the  Isthmus  of  Tehuantepec,  169.) 

If  Wall's  statements  are  to  be  trusted — ^and  they  bear  the  marks  of 
intelligent  and  discriminating  observation,  the  faots  are  as  follows : 

Beds  of  shale,  formed  in  comparatively  recent  times  beneath  the 
sea,  but  now  raised  above  its  level,  containing  in  abundance  vegetable 
remains  brought  down  by  the  Orinoco  river,  near  the  mouth  of  which 
Trinidad  is  situated,  are  yielding  petroleum  in  large  amount,  by  a 
direct  decomposition  of  vegetable  tissues  and  the  petroleum  rapidly 
passes  into  asphalt,  inasmuch  as  it  is  exposed  directly  to  the  atmos- 
phere. There  are  some  recent  accounts,  however,  of  the  Trinidad 
asphalt  which  speak  of  a  temperature  of  several  hundred  degrees  C, 
being  found  in  the  center  of  the  Pitch  Lake. 

At  how  great  a  depth  in  the  rocks  these  changes  are  going  on  we 
have  no  observations  to  show,  but  no  reason  is  apparent  why  these 
phenomena  should  be  superficial.  In  subsiding  areas,  and  almost  all 
river  deltas  are  such,  the  beds  containing  vegetable  remains  may  be 
buried  to  a  considerable  depth  before  the  decomposition  can  be  fully 
effected,  especially  if  the  buried  substances  consist  of  the  more  durable 
vegetable  products.  In  such  a  case  we  might  expect  the  resulting  pe- 
troleum to  remain  stored  in  the  shale  where  it  originated. 

Why  the  phenomena  of  oil-production  have  been  generally  re- 
ported from  shales,  and  not  from  sandstones,  has  not  been  explained. 
The  difference  between  the  two  formations  in  this  respect  may  be,  in 
part,  due  to  the  fact  that  the  shale  seals  up  the  vegetable  matter  more 
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perfectly  than  the  sandstone.  In  the  latter,  ordinary  decomposition 
would  seem  to  have  a  better  chance  to  go  on. 

Another  fact  to  be  noted  in  this  connection,  is  the  affinity  of  clay 
for  oil  of  all  sorts.  Illustrations  of  this  affinity  are  familiar  to  every 
one,  but  an  observation  of  Professor  Joseph  Leidy's,  made  a  number  of 
years  since,  has  special  interest  and  value  for  us.  He  observed  that  on 
the  bed  of  the  Schuylkill  river,  for  some  distance  below  the  Philadel- 
phia gas  works,  a  deposit  of  clay,  impregnated  with  the  petroleum- 
like oils  that  are  produced  in  the  manufacture  of  coal-gas,  was  in  pro- 
cess of  formation.  These  oily  substances,  which  would  otherwise  be 
found  on  the  surface  of  the  river,  are  absorbed  by  the  particles  of  fine 
clay  in  the  water  and  gradually  sink  to  the  bottom  with  them,  there 
forming  a  petroliferous  clay  on  the  river  bed. 

If  petroleum,  arising  from  such  springs  as  occur  in  Central  and 
South  America,  had  found  its  way  by  rivers  to  lakes  or  seas,  or  had  been 
liberated  from  sources  beneath  the  sea,  the  same  results  would  have  fol- 
lowed. It  would  have  been  absorbed  by  the  fine  particles  of  clay  held 
in  suspension  in  river  and  sea,  and  the  combined  clay  and  oil  would 
have  been  gradually  carried  downward  to  rest  on  the  sea  floor,  an  oil- 
bearing  shale. 

From  the  fact  that  all  of  the  chief  bituminous  accumulations  of 
recent  age  belong  to  the  torrid  zone,  it  seems  necessary  to  conclude  that 
a  tropical  climate,  or  a  climate  of  80^  F.,  at  least,  is  most  favorable,  if 
not  essential  to  a  large  production  of  this  class  of  bodies.  The  main 
asphalt  deposits  of  commerce  are  found  about  the  southern  and  western 
shores  of  the  Gulf  of  Mexico. 

The  asphalt  of  Trinidad,  which  seems  to  be  in  constant  process  of 
formation,  is  derived  from  shales  that  belong  to  the  later  Tertiaries, 
and  though  derived  from  the  most  recent  of  all  rocks  that  precede  the 
present  geological  age,  must  still  be  separated  from  our  time  by  a  con- 
siderable interval.  If  then  the  formation  of  petroleum  is  made  con- 
temporaneous witE  the  rock  that  contains  it,  it  must  be  a  geological  con- 
temporaneity that  is  meant,  in  which  events  that  may  be  separated 
from  each  other  by  many  thousands,  or  even  tens  of  nhousands  of  years, 
are  counted  contemporaneous. 

But  if  petroleum  is  a  result  of  the  primary  decomposition  of  vege- 
table tissue,  so  long  as  vegetable  matter  remains  undecomposed  in  the 
rocks,  and  so  long  as  the  conditions  of  temperature  and  pressure  re- 
main favorable,  what  is  there  to  hinder  these  processes  of  petroleum 
formation  from  going  forward?  Why  limit  it  to  the  time  of  rock 
formation  ? 
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It  would  seem,  however,  that  in  the  vaat  periods  that  have  elapsed 
since  the  Paleozoic  era,  there  would  have  been  time  enough  and  to  spare 
for  all  of  these  changes  to  be  accomplished,  and  that  the  process  would 
be  necessarily  arrested,  either  for  want  of  material  or  for  lack  of  proper 
conditions. 

The  essential  point  in  Hunt's  theory  of  the  origin  of  petroleum  is, 
not  that  it  was  produced  contemporaneously  with  the  rock,  nor  that  it 
is  especially  a  product  of  limestones,  but  that  it  results  from  the  pri- 
mary decomposition  of  organic  substances.  Discarding  these  incidental 
elements  of  the  theory,  and  applying  its  central  postulate  to  the  ex- 
planation of  the  origin  of  the  petroleum  of  eastern  Ohio  and  Pennsyl- 
vania, we  can  see  what  some  of  the  steps  in  the  history  must  have  been. 

The  shales  which  constitute  its  chief  source  were  accumulated  in  a 
tropical  sea.  The  Devonian  limestone  which  immediately  preceded 
them  in  time  bears  witness  to  most  genial  conditions  of  climate.  Its 
massive  corals  required  at  least  as  high  an  annual  temperature  as  is 
found  in  any  part  of  the  Oulf  of  Mexico  to-day. 

The  sedimentary  deposits  that  were  laid  down  on  the  floor  of  this 
Devonian  sea  consisted  of  clay  and  sand  with  occasional  gravel  bars,  the 
sources  of  which  must  be  sought  in  the  rising  Atlantic  border  or  in  the 
Canadian  highlands,  as  is  proved  by  all  the  deposits  thickening  and 
growing  coarser  in  those  directions.  To  the  western  limit  of  this  sea, 
sdong  the  shores  of  the  emerging  Cincinnati  axis,  only  fine  clay  was 
borne,  and  this  fine  and  homogeneous  material  accumulated  very  slowly, 
one  foot  requiring  as  much  time  as  ten  or  twelve  feet  of  the  coarser  and 
more  varied  series  to  the  eastward. 

In  these  seas,  as  we  know,  there  was  a  vast  development  of  marine 
vegetation.  Some  plants  of  rhizocarpean  affinities  were  especially 
abundant  and  their  resinous  spores  and  spore  cases,  which  constituted 
by  far  the  most  durable  portions  of  the  plants,  were  set  free  in  enormous 
quantities.  Even  now,  in  some  parts  of  the  series,  these  spores  consti- 
tute a  notable  percentage  of  the  shale.  In  structure  and  composition, 
they  are  but  little  changed  from  their  original  condition.  Other  por- 
tions of  this  and  like  vegetation  may  have  been  carried  to  the  sea-floor 
in  a  macerated  condition  and  have  there  passed  through  the  coaly 
transformation,  resulting  in  the  structureless,  carbonaceous  matter  that 
constantly  characterizes  the  black  shales.  This  carbonaceous  substance 
can  still  be  made  to  yield  the  members  of  the  bitumen  series  through 
the  agency  of  destructive  distillation,  and,  doubtless,  so  also  can  the 
spores  that  remain  unaltered  in  the  shales,  both  leaving  a  carbon  resi- 
due thereafter. 
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The  shales  that  were  slowly  accumulating  on  the  floor  of  this  tropi- 
cal gulf,  thus  charged  with  vegetable  remains,  must  have  behaved  as 
similar  shales  do  around  the  borders  of  the  present  gulf.  The  vegetable 
matter  was  turned  into  petroleum  as  it  is  in  Trinidad  and  the  West 
Indies  now.  The  petroleum  would  have  been  absorbed  by  the  particles 
of  clay  in  contact  with  which  it  was  originated,  or,  if  liberated  in  the 
water,  it  would  there  have  been  laid  hold  of  by  the  like  floating  particles 
of  clay,  to  be  carried  with  them  in  due  time  to  the  sea-floor,  and  the 
work  would  have  gone  on  until  the  material  was  exhausted  or  the 
requisite  conditions  were  lost. 

The  resulting  stratum  of  bituminous  shale  would  have  been  much 
more  highly  charged  with  petroleum  than  any  portion  of  these  shales 
is  at  the  present  time.  Over  it  at  last  a  bed  of  sandstone  is  deposited, 
which  in  turn  is  roofed  in  by  another  fine-grained  shale.  The  pores  of 
the  sandstone  are  occupied  by  eea-water,  but  a  slow  system  of  exchanges 
would  be  established  between  the  rocks  by  which,  at  last,  the  petroleum 
would  be  gathered  into  its  final  reservoir.  The  presence  of  petroleum 
in  considerable  amount  in  a  shale  might  give  it  a  measure  of  permea- 
bility. 

Such  would  appear  to  be  some  of  the  steps  in  the  production  of 
petroleum,  if  Hunt's  view  of  its  origin  by  the  primary  decomposition 
of  organic  tissue  is  adopted.  The  result  would  correspond  fairly  well 
with  those  of  the  spontaneous  distillation  theory,  already  discussed. 
Both  would  find  the  petroleum  distributed  through  the  substance  of  the 
shales,  and  both  would  expect  its  constant  escape  from  outcrops  of  pro- 
ducing shale  or  sandstone  reservoir.  Continuous  origination  is  by  no 
means  a  necessary  conclusion  from  continuous  outflow. 

The  advantage  that  the  present  theory  has  over  others  is,  that  it 
seems  to  find  more  support  in  the  processes  of  nature  at  the  present 
time.  We  find  the  bitumen  series  in  actual  process  of  formation  in 
many  parts  of  the  world  to-day,  resulting  apparently  from  the  primary 
decomposition  of  organic  matter,  under  normal  conditions.  On  the 
other  hand,  we  do  not  find  this  series,  in  any  cases  which  are  open  to 
observation  and  subject  to  measurement,  resulting  from  secondary  de- 
composition of  carbonaceous  matter  contained  in  the  rocks,  unless  the 
comparatively  high  temperatures  of  destructive  distillation  are  reached. 

The  several  views  as  to  the  origin  of  petroleum  that  seem  best  to 
deserve  attention  have  now  been  stated  as  fairly  as  possible*  Some  lib- 
erty has  been  taken  with  the  last  in  the  way  of  removing  limitations, 
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but  no  new  theory  has  been  broached,  and  no  real  contribution  to  oui' 
knowledge  of  these  very  interesting  questions  is  claimed.  In  subjectH 
which  tempt  speculation  as  much  as  those  which  are  now  under  dis-* 
cussion,  it  is  well  to  know  the  opinions  that  are  most  entitled  to  respect^ 
even  where  grounds  of  positive  knowledge  are  wanting.  How  little 
real  knowledge  we  have  of  this  subject  has  been  made  to  appear  in  this 
brief  review,  and  it  is  safe  to  conclude  that  until  the  boundaries  of  our 
knowledge  are  considerably  extended,  every  theory  in  regard  to  the 
origin  of  petroleum  should  be  held  as  provisional  only. 

The  theoretical  views  that  we  hold  as  to  the  origin  of  petroleum 
will  influence  our  judgment  also  as  to  the  duration  of  its  supplies.  The 
question  is  often  asked,  whether  there  is  any  provision  in  nature  by 
which  the  supplies  that  are  now  drawn  upon  or  exhausted,  can  be 
renewed.  It  is  to  be  observed  that  of  the  several  theories  passed  in 
review,  only  the  discarded  chemical  hypotheses  hold  out  any  promise  of 
a  perennial  supply.  Of  the  three  views  from  which  most  will  feel 
obliged  to  make  their  choice,  two  answer  the  questions  raised  above 
emphatically  in  the  negative,  and  the  remaining  theory  gives  in  reality 
no  more  encouragement.  Newberry's  theory  makes  the  process  of  oil 
formation  a  continuous  one,  it  is  true,  but  it  extends  it  through  such 
vast  cycles  of  time  that  1,000  years  or  10,000  years  would  not  constitute 
an  important  factor.  In  other  words,  the  reservoirs  that  we  are  now 
piercing  with  the  drill,  and  that  are  yielding  such  vast  and  valuable 
stores  of  light  and  power,  would  in  all  probability  have  yielded  about 
the  same  supply  1,000  or  10,000  years  ago. 

Practically  the  stock  is  now  complete,  as  much  so  as  the  contents  of 
coal  mines  and  mineral  veins.  As  a  result  of  our  interference  with 
natural  conditions,  small  local  movements  of  oil  or  gas  may  go  on  in 
the  rocks,  but  these '  would  be  bat  insignificant  exceptions  to  a  general 
rule  that  the  reservoirs  hold  all  the  oil  and  gas  that  they  will  ever  hold, 
and  that  when  once  exhausted  they  will  never  be  replenished. 

Gas  and  oil  have  been  considered  together  in  all  the  preceding 
discussions,  as  if  the  history  of  one  would  cover  the  history  of  the  other 
also.  There  are,  however,  speculations  which  dissociate  them  in  origin. 
By  some,  gas  is  counted  the  first  and  original  product,  and  it  is  supposed 
to  be  converted  into  petroleum  in  the  sandstone  reservoirs  by  some  un- 
known process  of  condensation. 

This  question,  like  those  that  have  preceded  it,  does  not  admit  of  a 
final  and  definite  answer  at  the  present  time,  but  the  chemical  proba- 

8  G. 
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bilities  do  not  seem  to  favor  this  view.  Petroleum  is  more  composite 
and  unstable  than  gas,  and  in  these  respects  it  seems  to  stand  at  less 
remove  from  the  organic  world  than  the  latter.  A  large  percentage  of 
natural  gas  is  light  carburetted  hydrogen,  one  of  the  simplest  and  most 
stable  products  of  decomposition.  Petroleum  readily  gives  rise  to  marsh 
gas  when  subjected  to  destructive  agencies,  but  we  have  no  known 
experience  in  which  the  higher  compound  results  from  synthesis  of  the 
lower.  It  seems,  therefore,  safe  to  count  petroleum  first  in  the  order  of 
nature. 

A  few  words  remain  to  be  said  under  this  head  upon  another 
subject.  In  the  preceding  discussions,  shale  and  limestone  have 
been  considered  the  chief  sources  of  petroleum,  although,  as  is  well 
known,  sandstones  are  the  direct  source  of  the  great  supplies.  There 
are  some  who  hold  that  these  supplies  originate  in  the  sandstones  which 
now  contain  them.  This  view  can  be  urged  with  plausibility,  at  least, 
for  such  sandstones  as  Lesley  describes  in  eastern  Kentucky  or  as 
White  finds  the  LeBoeuf  sandstone  to  be ;  but  the  Berea  grit,  which  is 
the  main  oil  sand  of  Ohio,  is  singularly  free  in  most  of  its  outcrops  from 
all  traces  of  vegetation.  The  claim  at  the  best  has  many  weak  points, 
as  is  w6ll  shown  by  Carll  ( Penna.  Geol.  Survey,  III,  p.  272).  Speaking 
of  the  Venango  sands,  he  says : 

"We  find  that  the  largest  wells  are  those  which  are  sank  through  .the  coarseBt 
part  of  the  oil-bearing  sandrock.  The  drillings  show  nothing  but  coarse  sand  and 
pebbles.  Pieces  of  the  unpnlverized  rock,  one  or  two  cubic  inches  in  balk,  are  often 
brought  up  after 'torpedoing,  but  nothing  can  be  detected  in  them  that  could 
possibly  originate  petroleum.  Ck)uld  a  rock  of  this  character  have  originally  con- 
tained a  qnantity  of  organic  matter  sufficient  to  yield  a  cubic  foot  of  oil  to  every  ten 
or  twelve  cubic  feet  of  rock,  and  these  organic  remains  be  so  completely  converted 
into  oil  as  to  leave  no  residual  trace  of  their  existence?" 

With  these  questions  and  suggestions,  and  many  others  in  the  same 
line,  he  shows  the  difficulties  ot  this  view. 

Summary. 

In  concluding  this  part  of  the  discussion,  a  few  of  the  previously 
stated  propositions  in  regard  to  the  origin  of  petroleum  that  seem  best 
supported,  will  be  repeated  in  concise  terms : 

1.  Petroleum  is  derived  from  organic  matter. 

2.  It  is  much  more  largely  derived  from  vegetable  than  from 
animal  substances. 

2.  Petroleum  of  the  Pennsylvania  type  is  derived  from  the  organic 
matter  of  bituminous  shales,  and  is  of  vegetable  origin. 
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4.  Petroleum  of  the  Canada  type  is  derived  from  limestones,  and 
is  probably  of  animal  origin. 

5.  Petroleum  has  been  produced  at  normal  rock  temperatures  (in 
Ohio  fields),  and  is  not  a  product  of  destructive  distillation  of  bitumi- 
nous shales. 

6.  The  stock  of  petroleum  in  the  rocks  is  already  practically 
<;omplete. 


B.    MODES  OF  ACCUMULATION. 

In  the  preceding  pages,  petroleum  has  been  shown  to  be  widely  dis- 
tributed in  the  rocks  of  Ohio.  The  limestones  and  shales  of  the  series, 
in  particular,  everywhere  contain  it.  Hunt  has  made  a  calculation, 
showing  the  amount  of  petroleum  which  the  oil-bearing  dolomite  of 
Ohicago  holds  to  the  square  mile  for  every  foot  in  thickness  of  the 
stratum.  (Essays,  p.  173.)  If  we  apply  a  like  calculation  to  the  rocks  of 
the  Ohio  scale,  we  shall  find  the  total  amount  of  oil  enormously  large. 
We  may  take,  for  example,  the  Waterlime  stratum,  which  is  notably 
and  almost  universally  petroliferous.  Estimating  its  petroleum  content 
at  one-tenth  of  one  per  cent.,  and  the  thickness  of  the  stratum  at  600 
feet,  both  of  which  figures  are  probably  within  the  limits,  we  find  the 
petroleum  contained  in  it  to  be  more  than  2,500,000  barrels  to  the  square 
mile.  The  total  production  of  the  great  oil  field  of  Pennsylvania  and 
New  York,  to  January,  1885,  is  261,(XX),000  barrels.  It  would  require  only 
three  ordinary  townships,  or  a  little  more  than  100  square  miles,  to  dupli- 
cate this  enormous  stock  from  the  Waterlime  alone.  But  if  the  rate  of 
one-tenth  of  1  per  cent,  should  be  maintained  through  a  descent  of  1,500 
feet  at  any  point  in  the  State,  each  square  mile  would,  in  that  case, 
yield  7,500,000  barrels,  or  nearly  one-thirtieth  of.  the  total  product  of  the 
entire  oil  field.  These  figures  pass  at  once  beyond  clear  comprehension, 
but  they  serve  to  give  us  some  idea  of  the  vast  stock  of  petroleum  con- 
tained in  the  earth's  crust.  If  petroleum  is  generally  distributed 
through  a  considerable  series  of  rocks  in  (my  appreciable  percentage,  it 
is  easy  to  see  that  the  aggregate  amount  must  be  immense.  Even  ^^ 
of  1  per  cent,  would  yield  75,(XX)  barrels  to  the  square  mile  in  a  series 
of  rocks  1,600  feet  deep,  but  this  amount  is  nearly  one  tenth  of  the  greatest 
actual  production  per  square  mile  of  any  of  the  leading  Pennsylvania 
fields. 

It  is  obvious  that  the  total  amount  of  petroleum  in  the  rocks  under- 
lying the  surface  of  Ohio  is  large  beyond  computation,  but  in  its  difiused 
and  distributed  state,  it  is  entirely  without  value.    It  must  be  accumu- 
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lated  in  rocks  that  serve  as  reservoirs  before  it  becomes  of  economic 
interest.  In  respect  to  the  need  of  concentration  it  agrees  with  most 
other  forms  of  mineral  wealth. 

I.   Composition  and  Ordbr  of  Sequence  op  Petroleum  bearing  Rocks. 

a.    Sandstones  as  Reservoirs, 

The  drillers  in  Venango  county,  Pennsylvania,  in  1859,  were  not 
long  in  learning  the  facts  as  to  the  composition  and  order  of  arrangement 
of  the  series  from  which  petroleum  was  obtained.  Beginning  in  the 
valley  of  Oil  Creek  it  ivas  found  that  the  drill  first  descended  through 
several  hundred  feet  of  soft  and  fine-grained  shales,  after  which  a  series 
of  sandstones,  imbedded  in  shale,  was  passed  through. 

These  sandstones  were  three  in  number  when  the  series  was  com- 
plete, and  from  the  upper  surface  of  the  uppermost  member  to  the 
bottom  of  the  lowest,  the  interval  was  about  350  feet.  It  was  at  once 
learned  that  the  petroleum,  for  which  the  drilling  was  undertaken^ 
was  confined  to  these  sandstones,  which,  accordingly,  took  the  name 
of  "  oil  sands. "  They  were  named  in  order  from  above,  the  first,  second 
and  third  oil  sands.  When  all  three  were  found  in  the  well  section,  the 
oil  was  confined  to  the  third  or  lowermost,  but  gas  was  sometimes  found 
in  the  second,  or  even  the  first.  When  the  third  oil-sand  was  wanting, 
the  second  became  the  receptacle  of  the  oil  and  gas,  and  when  both  the 
second  and  third  were  wanting,  the  stock  was  found  in  the  first.  The 
important  fact  thus  came  to  light  that  the  first  sandstone  to  be  reached 
in  ascending  order  from  the  bottom  of  the  series,  was  the  oil-contain- 
ing stratum.  The  rocks  below  the  oil-sands  were  found  at  a  somewhat 
later  period  to  be  gray  or  dark  shales. 

The  Venango  *'  oil-sands  "  proved  to  be  sandstones  of  medium  or 
coarse-grain,  or  even  in  some  cases  conglomerates.  The  third  or  lower- 
most sand,  in  particular,  often  assumed  this  phase,  containing  quartz 
pebbles  in  abundance.  These  sandstones  were  considered  in  the  course 
of  the  development  of  the  field,  to  be  elongated  bars  of  sand  or  pebbles, 
their  longer  axes  extending  in  a  northeasterly  and  southwesterly  direc- 
tion. The  productive  fields  were  found  to  extend  in  length  for  a  score 
or  more  miles  in  some  cases,  while  their  width  would  be  confined  to  one 
or  two  miles.  In  thickness,  the  oil-sands  ranged  from  a  shell  to  100 
feet.  Some  of  them  are  described  as  having  no  outcrop,  never  rising  to 
day  in  their  own  characters.  Under  the  interpretation  of  the  oil-sands 
given  above,  which  is  substantially  that  of  Carll,  these  oil-containing 
reservoirs  are  seen  to  be  lenticular  in  transverse  section.    It  is  in  any 


PETROLEUM  AND  NATURAL   GAS.  86 

case  certain  that  the  productive  belts  showed  the  relations  named  above, 
and  further,  that  production  was  related  in  a  very  definite  way  to  the 
grain  and  thickness  of  the  oil-sands.  The  coarser  the  sand  and  the 
more  open,  the  greater  the  amount  of  oil,  and  in  like  manner  the  thicker 
the  stratum,  the  larger  was  its  production  likely  to  be,  other  things 
being  equal. 

It  must  be  noted,  however,  that  all  of  the  facts  presented  by  such  a 
field  can  be  explained  without  supposing  the  oil  roeks  to  be  ancient 
sand-bars  or  submarine  gravel  ridges.  Sandstone  strata  with  an 
ordinary  measure  of  continuity  could  present  just  such  phenomena  as 
we  are  called  on  to  explain,  under  certain  accidents  o£  structure  or 
arrangement.  In  fact,  the  sand-bar  theory  does  not  apply  at  all  to  the 
oil-production  of  Ohio.  We  find  the  oil  and  gas  of  eastern  Ohio  in  a 
stratum  of  sandstone  that  rests  on  and  that  is  covered  by  shales,  but 
the  stratum,  so  far  from  being  lenticular  in  character,  is  wonderfully 
persistent,  though  varying  in  thickness  and  grain  from  point  to  point 
and  occasionally  nearly  disappearing  for  short  spaces. 

It  was  also  learned  that  the  roof  shales  were  not  altogether  imper- 
vious, but  that  through  them  oil,  and  especially  gas,  found  their  way 
upward,  furnishing  the  so-called  '^  surface  indications."  The  thickness 
of  the  cover  was  found  to  be  a  factor  in  oil  production  to  a  certain 
extent,  the  larger  accumulations  seldom  being  found  under  light  cover. 

The  first  drillers  in  Venango  county  look  possession  of  the  valleys, 
counting  the  production  of  oil  to  be  confined  to  them,  but  later  comers 
began  to  try  fortune  on  the  slopes  adjacent,  and  little  by  little  the  drill- 
ing rigs  overran  highlands  as  well  as  valleys,  the  fact  being  soon  made 
apparent  that  the  only  necessary  advantage  possessed  by  the  valleys 
was  the  shorter  distance  to  be  drilled  to  reach  the  oil-sand. 

The  wells  drilled  on  the  uplands  revealed  the  presence  of  other 
sandstone  strata,  lying  many  hundred  feet  above  the  oil-sands.  To 
these  new  strata  the  name  of  '*  mountain  sands  "  was  given,  and  three 
of  these  also  were  enumerated,  viz.,  the  first,  second  and  third  mountain 
sands.  Petroleum  and  gas  were  sometimes  found  in  these  strata  to  a 
small  extent. 

The  order  that  was  thus  ascertained  to  exist  among  the  different 
strata  penetrated  by  the  drill  in  the  valley  of  Oil  Creek  at  the  beginning 
of  petroleum  production,  on  the  large  scale,  in  this  country,  has  proved 
to  be  the  universal  order,  so  far  as  the  oil  and  gas  fields  of  Pennsylvania, 
New  York  and  eastern  Ohio  are  concerned.  In  all  of  these  fields,  with- 
out important  exception,  sandstones  buried  in  shales  have  proved  to  be 
the  reservoirs  of  oil  and  gas  when  the  latter  are  found  in  large  quantity. 
The  overlying  shale  is  the  cover  or  roof  of  the  reservoir ;  the  underlying 


16  GEOLOGY    OP    OHIO. 

Bbale  appears  to  be  the  source  from  which  the  bituminous  products  are 
derived.  We  can  count  on  this  as  the  established  and  essential  order 
for  oil  and  gas  accumulation  in  the  territory  already  named.  Several 
distinct  sets  of  oil-producing  sands  have  been  brought  to  light  besides 
the  Venango,  the  most  important  of  which  are  the  Warren  and  Bradford 
sands,  both  of  which  underlie  the  Venango  system. 

The  three  elements  that  constitute  an  oil-bearing  group  may  exist 
by  themselves,  as  in  the  Venango  field,  already  described,  or  they  may 
be  buried  under  hundreds  or  even  thousands  of  feet  of  superincumbent 
strata.  In  the  latter  case,  several  distinct  oil  and  gas  horizons  may  be 
traversed  in  a  single  well  section,  but  each  one  will  consist  of  the  three 
elements  named,  cover,  reservoir  and  source. 

6.    lAmestonea  aa  Reservoirs. 

In  the  less  frequent  cases  where  large  accumulations  of  oil  and  gas 
are  found  in  limestones  instead  of  sandstones,  the  conditions  vary  some- 
what from  those  just  described.  The  shale  cover  is  still  an  essential 
element,  but  reservoir  and  source  of  oil  and  gas  are  apparently  blended 
in  a  common  rock.  The  best  examples  of  this  sort  of  production  are 
derived  from  the  newly  discovered  fields  of  northwestern  Ohio,  where  at 
a  depth  of  1,000  to  1,500  feet  the  Trenton  limestone  is  struck.  It  is 
covered  by  400  to  1,000  feet  of  shales,  viz.,  the  Utica,  the  Hudson  River 
and  the  Medina  shales,  named  in  ascending  order.  The  limestone  itself 
has  been  penetrated  for  about  550  feet  without  being  exhausted. 
Through  most,  if  not  all  of  its  extent,  it  is  petroliferous,  as  is  shown  by 
the  drillings,  but  the  accumulated  stocks  of  both  oil  and  gas  are  always 
found  in  the  uppermost  beds  of  the  stratum,  and  generally  not  more 
than  fifteen  feet  below  its  upper  surface.  Some  fragments  of  the  oil- 
bearing  rock  that  have  been  brought  out  after  the  use  of  torpedoes  in 
the  wells,  have  been  found  to  be  quite  porous,  but  other  samples  from 
wells  of  good  production  are  fairly  compact. 

The  oil  rock  carries,  at  a  lower  level  than  that  in  which  the  oil  is 
found,  but  sometimes  dangerously  near,  a  brine  of  unusual  character. 
It  has,  in  fact,  the  composition  of  a  bittern,  or  a  water  left  over  from  the 
concentration  of  ordinary  brine.  It  contains  unusual  quantities  of 
chlorides  of  calcium  and  magnesium.  It  will  be  described  more  fully  on 
a  subsequent  page  of  this  report. 

The  facts  as  to  the  occurrence  of  the  oil  and  gas  in  this  stratum 
seem  reconcileable  with  the  theory  that  they  have  risen  through  the 
limestone  rock  until  they  find  themselves  arrested  in  their  ascent  by 
the  overlying  shales,  and  their  accumulation  therefore  takes  place  at 
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this  point.    There  is  certainly  nothing  like  bars  or  ridges  in  this  oil- 
producing  stratum,  so  far  as  its  composition  is  concerned. 

€.    Permeability  of  the  Reservoirs. 

The  fact  that  different  portions  of  the  oil-sands  communicate  with 
each  other  with  more  or  less  freedom,  was  early  established  in  the  his- 
tory of  oil-production  in  Pennsylvania.  Adjacent  wells  were  often 
found  to  affect  each  other's  yield,  and  the  locations  of  wells  at  once 
began  to  be  made  in  consonance  with  this  view.  Wells  were  especially 
multiplied  along  boundary  lines,  under  the  selfish  purpose  of  obtaining 
oil  from  the  lands  of  others,  and  in  the  attempt  to  protect  rights  of 
ownership  against  such  unjust  invasions. 

The  descent  of  surface  water  into  the  oil-sands  through  abandoned 
wells  proved  disastrous  to  entire  fields,  and  it  became  necessary  to  in- 
voke stringent  legislation  to  guard  against  this  source  of  danger  by 
requiring  wells  to  be  securely  plugged  before  being  abandoned.  In 
these  various  ways  it  came  to  be  seen  that  there  was  a  fairly  free  com- 
munication through  the  oil-sands,  at  least  in  some  cases,  for  intervals  of 
one  or  more  miles.  So,  also,  in  thick  and  gently-dipping  strata  like 
the  Bradford  oil-sand,  the  division  of  the  rock  into  gas,  oil  and  salt- 
water territories  respectively,  the  gas  holding  the  highest  and  the  salt- 
water the  lowest  levels,  made  the  conclusion  well-nigh  irresistible  that 
the  entire  rock  is  permeable,  and  that,  in  the  course  of  ages,  its  various 
contents  have  been  differentiated  as  we  now  find  them,  under  the  influ- 
ence of  gravitation. 

But  on  the  other  hand,  it  became  equally  clear  that  there  was  no 
necessary  and  absolute  connection  between  different  portions  of  an  oil- 
sand,  but  that  in  many  instances  this  stratum  exists  in  lenticular 
masses,  the  several  divisions  of  which  may  be  nearly  or  even  entirely 
disconnected.  This  conclusion  is  based  on  facts  like  these,  viz.,  that 
contiguous  wells  often  show  no  connection  with  each  other,  and  that  in 
what  arA  supposed  to  be  exhausted  oil- fields,  small  pockets  of  sand  are 
sometimes  subsequently  discovered  that  furnish  considerable  supplies 
of  oil.  The  rapid  changes  in  thickness  of  the  oil-sand  in  adjacent  wells 
furnishes  conclusive  proof  upon  this  point.  We  can  follow  the  stratum 
down  to  a  feather-edge  by  these  records. 

In  oil-sands  of  moderate  thickness,  as  the  Berea  grit,  which  ranges 
in  Ohio  between  five  and  twenty-five  feet  through  large  areas,  these  in- 
terruptions more  frequently  occur.  There  are  no  facts  known  in  Ohio 
which  show  a  continuity  in  this  stratum  that  allows  the  differentiation 
of  its  contents  after  the  fashion  and  on  the  scale  of  the  Bradford  oil- 
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sand.  Communication  through  a  few  square  miles  of  the  rock  can  be 
occasionally  inferred,  but  beyond  this. we  have,  thus  far,  found  no  war- 
rant for  going. 

We  have  fewer  facts  in  regard  to  the  limestone  reservoirs,  but  it  is 
easy  to  see  that  the  same  freedom  of  communication  does  not  obtain 
here  as  in  the  sandstones  that  we  have  been  considering.  There  cannot 
be,  in  ^the  nature  of  things,  as  free  communication  through  a  massive 
limestone  as  through  a  sandstone  of  equal  dimensions,  where  the  latter 
has  the  open  structure  so  often  found  in  oil-fields.  The  gas-wells  of 
Findlay,  however,  aflFect  each  other  noticeably.  The  release  of  the  gas 
in  the  famous  Karg  well  has  brought  about  an  increase  of  oil  production 
with  a  diminution  of  gas  in  several  of  the  nearest  wells. 

An  important  factor  in  this  discussion  will  be  considered  in  the 
closing  section  of  the  present  chapter. 

d.    Relative  Importance  of  the  Elements  of  an  Oil'Seriea, 

Of  the  three  elements  already  named  as  essential  to  oil  production, 
viz.,  cover,  reservoir  and  source,  it  is  obvious  that  the  last  is  the  funda- 
mental element,  but  inasmuch  as  the  sources  of  petroleum  in  our  rocks 
are  so  nearly  universal,  less  importance  attaches  to  it  than  to  the  other 
two.  Furthermore,  as  rocks  of  various  grain  can  be  made  to  receive  and 
retain  these  accumulations,  more  interest  centers  in  the  roof  shales  or 
cover  than  in  any  other  part  of  the  system.  There  can  be  no  large  ac- 
cumulation without  an  approximately  impervious  roof.  A  considerable 
deposit  of  shale  at  any  point  in  the  geological  series  of  the  state  is  very 
likely,  is,  in  fact,  almost  certain  to  cover  an  oil  rock.  For  example,  the 
great  beds  of  shale  just  named  cover  the  Trenton  limestone,  which  is 
proved  to  be,  at  various  points,  a  source  of  high-pressure  gas  and  oil. 
The  Niagara  shale  is,  in  many  parts  of  the  state,  a  moderately  heavy 
deposit,  and  the  Clinton  limestone  directly  below  it  is  very  often  notably 
petroliferous.  The  Ohio  shale  covers  the  Corniferoua  limestone,  and 
though  no  large  deposits  of  oil  are  known  in  this  stratum  in  Ohio,  we 
do  not  need  to  go  far  beyond  our  boundaries  to  find  an  important  pro- 
duction from  it,  the  Canada  oil,  of  western  Ontario,  being  referred  to 
this  horizon.  The  Cuyahoga  shale  makes  the  cover  of  the  Berea  grit, 
and  this,  as  is  well  known,  is  the  main  oil  and  gas  rock  of  all  of  eastern 
Ohio.  Whenever  the  Logan  conglomerate  is  roofed  with  shale,  it,  too, 
becomes  petroliferous  or  gas'bearing.  Numerous  examples  of  oil  and 
gas  production  from  this  horizon  were  furnished  by  the  early  salt-wells 
of  the  Muskingum  Valley.    Throughout  the  Coal  Measures  there  are 
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not  less  than  four  sandstones  roofed  with  shales  that  are  found  at  times 
petroliferous. 

From  facts  like  these,  it  is  apparent  that  the  composition  and  order 
of  arrangement  of  a  series  of  strata  have  a  vitally  important  relation 
to  the  accumulation  of  oil  and  gas  that  may  take  place  within  it.  Some 
geologists  count  the  composition  of  the  series  the  main  element  in  oil- 
production.  They  regard  especially  the  grain  and  thickness  of  the  oil- 
sand  or  reservoir,  accounting  largely  for  the  difference  in  production  of 
different  fields,  or  of  different  parts  of  the  same  field  by  the  character  of 
the  oil-sand.  As  already  stated,  the  practical  driller  also  makes  great 
account  of  these  facts. 

Mr.  John  F.  Carll,  of  the  Second  Pennsylvania  Survey,  has  discussed 
these  questions  at  length  in  his  invaluable  reports  on  the  petroleum 
fields  of  western  Pennsylvania.  He  claims  that  an  oil-bearing  pebble 
rock  may  contain,  under  favorable  conditions,  one-tenth,  or  even  one- 
eighth  of  its  bulk  in  oil,  basing  his  claim  upon  the  indications  of  ex- 
periments made  upon  the  rock. — (Second  Penna.  Survey,  I,  3,  251).  He 
also  shows  that  the  pores  of  the  sandstone  would  serve  as  channels  for 
the  largest  supplies  of  oil  that  have  yet  been  found,  and  that  we  are 
under  no  necessity  of  resorting  to  hypothetical  ^*  crevices  "  to  account 
for  any  of  the  facts  pertaining  to  the  yield  of  oil-wells.  Mr.  Carll  lays 
special  stress  upon  the  character  of  the  oil-sand,  and  in  this  respect 
Professor  Lesley  and  Mr.  Ashburner  seem  to  agree  with  him,  while  Pro- 
fessor I.  C.  White,  also  of  the  Second  Pennsylvania  Survey,  urges  the 
paramount  importance  of  another  element,  especially  in  gas  accumula- 
tion.   This  element  will  be  next  considered. 

II.    Effects  of  Disturbances  of  Strata  Upon  the  Accumulation  of 

Oil  and  Gas. 

This  subject  is  one  which  has  been  discussed  ever  since  the  dis- 
covery of  petroleum  and  gas  in  this  country  on  the  large  scale.  Definite 
theories  as  to  the  influence  of  such  disturbances  as  have  occurred  in  the 
oil-producing  territory  were  early  propounded,  some  of  which  have  been 
maintained  to  the  present  day.  Prominent  among  them  is  the  anticlinal 
theory,  so-called,  which  takes  account  of  the  low  arches  or  folds  that 
have  traversed  some  portions  of  the  oil-producing  districts,  and  especially 
of  West  Virginia  and  southern  Ohio. 

a.    Earlier  Statements  of  the  Anticlinal  Theory. 

The  **  oil-break"  of  West  Virginia,  in  the  neighborhood  of  Burning 
Springs,  furnished,  in  the  early  days  of  the  search  for  petroleum,  an 
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example  of  the  effect  of  structural  disturbance  on  oil  production,  that 
he  who  runs  might  read.  There  is  an  uplift  there  at  once  considerable 
and  conspicuous,  viz.,  the  White  Oak  anticlinal,  and  the  productive  oil- 
wells,  out  of  the  great  number  of  wells  which  were  drilled  in  this  region, 
were  found  to  be  strictly  confined  to  the  region  of  the  anticlinal  or  axis. 
These  facts  were  brought  out  in  a  very  clear  manner  by  the  late  Professor 
E.  B.  Andrews,  in  a  paper  published  in  the  American  Journal  of  Science 
(2,  XLIII,  33).  The  discovery  of  the  axis  in  its  relation  to  oil-production 
seems  to  have  been  made  by  General  A.  J.  Warner  in  connection  with 
Professor  Andrews,  in  1865.  Beyond  the  structural  disturbance  shown  in 
the  anticlinal,  Professor  Andrews  also  claimed  the  existence  of  crevices 
or  fissures  on  the  large  scale  in  the  rocks  from  which  the  oil  was  de- 
rived. To  effect  the  separation  of  water,  oil  and  gas  in  the  supposed 
crevices,  he  invoked  the  force  of  gravitation,  showing  that  these  sub- 
stances would  necessarily  be  arranged  in  the  order  of  their  densities  in 
any  space  which  they  should  occupy  in  common. 

The  clue  that  was  thus  given  as  to  the  location  of  successful  wells 
was,  of  course,  promptly  followed.  The  anticlinal  was  traced  throughout 
its  entire  extent,  and  test-wells  were  put  down  at  numerous  points,  but 
of  these  a  large  percentage  failed.  To  account,  if  possible,  for  these 
failures,  Mr.  F.  W.  Minshall,  of  Parkersburg,  West  Virginia,  undertook, 
at  a  later .  date,  a  careful  determination  of  the  levels  of  the  axis.  He 
found  that,  instead  of  either  keeping  a  horizontal  plane  or  of  dripping 
regularly  and  uniformly,  it  advanced  by  a  series  of  pronounced  undula- 
tions, having  domes  or  summits  at  some  points,  and  sinks  or  sags  at 
others.  All  of  the  productive  oil  and  gas  wells  had  been  located  on  the 
domes,  and  the  failures  were  to  be  found  in  the  depressions.  (10th  Cen- 
sus Reports,  X.) 

Dr.  T.  S.  Hunt,  at  a  still  earlier  date,  viz.,  in  1863,  maintained  that 
the  petroleum  supply  of  western  Ontario  was  all  derived  from  the  line 
of  a  low  and  broad  anticlinal,  which  runs  through  the  district  in  a 
nearly  east  and  west  direction.  He  distinctly  taught  that  the  anticlinal 
structure  is  a  necessary  condition  for  a  large  production  of  petroleum, 
referring  its  accumulation  in  such  portions  of  the  series,  of  course,  to 
hydrostatic  laws,    f  Amer.  Journ.  of  Science,  March,  1863.) 

Dr.  Newberry  seems  also  to  accept  the  anticlinal  theory,  though 
his  statements  on  this  point  are  less  explicit  than  those  already  quoted. 
In  speaking  of  the  Canada  oil-field,  he  says : 

"This  district  is  in  the  line  of  the  Cincinnati  arch,  which  here,  as  in  the  islands 
of  Lake  Erie,  shows  evidence  of  disturbance  long  sabaequent  to  its  origlDal  up- 
heaval." 
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In  speaking  of  the  Pennsylvania  oil-^lda,  lie  says : 

''These  strata  have  all  felt  the  disturbing  influence  of  the  forces  which  raised 
the  Allegheny  monntaina,  Here,  then,  we  have  a  peculiar  geological  snbstractare 
such  as  is  especially  favorable  to  the  production  and  accumulation  of  petroleum,  and 
such  as  must  be,  more  or  less,  perfectly  paralleled  elsewhere  to  make  productive  or,  at 
least,  flowing  wells  possible.  This  structure  consists  in  a  great  mass  of  carbonaceous 
strata  below,  more  or  less  disturbed  and  loosened,  from  wbich  the  oil  is  supplied  in  a 
constant  and  relatively  copious  flow ;  above  this,  strata  of  porous,  jointed  sandstone, 
serving  as  reservoirs,  wbere  the  constant  product  of  oil  and  gas  may  accumulate  for 
ages ;  still  higher,  argillaceous  strata,  impervious  in  their  texture  and  not  capable  of 
being  opened  by  fissures,  forming  a  tight  cover  which  prevents  their  escape."  (Qeol. 
of  Ohio,  1, 169.) 

Elsewhere,  he  says : 

^  Tbe  facts  I  have  observed  lead  me  to  conclude  that  the  disturbed  condition  of 
the  strata  in  certain  districts  east  of  Ohio,  is  the  cause  of  the  phenomena  which  they 
present.  Where  the  oil  and  gas-producing  rocks,  and  those  overlying  them  are  soUd 
and  compact,  ....  the  escape  of  the  resulting  hydrocarbons  is  almost  impos- 
sible. Where  they  are  more  or  less  shaken  up,  ...  .  reservoirs  are  opened  to 
receive  the  oil  and  gas,  and  fissures  are  produced  which  serve  for  their  escape  to  the 
surface.  Near  the  Alleghanies,  all  the  rocky  strata  are  more  or  less  disturbed,  and 
here,  along  certain  lines,  the  liquid  and  gaseous  hydrocarbons  are  evolved  in  enor- 
mous quantities.  As  we  come  westward,  we  find  the  rocks  more  undisturbed  and 
the  escape  of  oil  and  gas,  through  natural  or  artificial  orifices,  gradually  diminished." 
(Ibid,  188.) 

This  reasoning,  as  will  be  seen,  is  in  harmony  with  the  anticlinal 
theory.  From  the  statements  already  quoted,  it  is  shown  that  distinct 
theories  and  claims  have  been  advanced  during  the  last  twenty  yearsi 
connecting  the  accumulation  of  oil  and  gas  with  anticlinal  structure. 

6.     The  Anticlinal  Theory  as  Specially  Applied  to  Oaa  Wells. 

Within  the  last  two  years,  since  natural  gas  has  attained  such 
prominence  in  Pittsburgh,  its  sources  and  the  conditions  of  jts  occur- 
rence have  been  studied  anew  with  sharpened  inspection,  by  both 
geologists  and  practical  men,  and  some  real  advance  seems  to  have  been 
made  in  our  search  for  it.  The  anticlinal  theory  has  been  revived  and 
extended,  and  has  been  used  successfully  in  the  location  of  many  pro- 
ductive wells.  For  the  new  statement,  we  are  indebted  to  Professor  I. 
C.  White,  of  the  University  of  West  Virginia,  and  recently  of  the 
Pennsylvania  Geological  Survey.  Professor  White,  in  turn,  gives  credit 
to  Mr.  W.  A.  Earseman,  an  oil  operator  of  many  years'  experience,  who 
had  noticed  in  1882-3,  "  that  the  principal  gas  wells  then  known  in 
western  Pennsylvania  were  situated  close  to  where  anticlinal  axes  were 
drawn  on  the  geological  maps.  From  this  he  inferred  there  must  be 
some  connection  between  the  gas-wells  and  the  anticlinals." 
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Professor  White  goes  on  to  say  : 

"  After  visiting  all  the  in'eat  gas-wells  that  had  heen  struck  in  western  Pennsyl- 
yania  and  West  Virginia,  and  caref  ally  examining  the  geological  surroundings  of 
each,  I  found  that  every  one  of  them  was  situated  either  directly  on  or  near  the 
crown  of  an  anticlinal  axis,  while  wells  that  had  been  bored  in  the  synclines  on 
either  side,  furnished  little  or  no  gas,  but  in  many  cases  large  quantities  of  salt 
water.  Further  observation  showed  that  the  gas-wells  were  confined  to  a  narrow  belt, 
only  one -fourth  to  one  mile  wide,  along  the  crests  of  the  anticlinal  folds.  Thetfe  facts 
seem  to  connect  gas  territory  unmistakably  with  the  disturbance  in  the  rocks  caused 
by  their  upheaval  into  arches,  but  the  crucial  test  was  yet  to  be  made  in  the  actual 
location  of  good  gas  territory  on  this  theory.  During  the  last  two  years,  I  have  sub- 
mitted it  to  all  manner  of  tests,  both  in  locating  and  condemning  gas-territory,  and 
the  general  result  has  been  to  confirm  the  anticlinal  theory  beyond  a  reasonable 
doubt 

*'  But  while  we  can  state  with  confidence  that  all  great  gas-wells  are  found  on 
the  anticlinal  axes,  the  converse  of  this  is  not  true,  viz.,  that  great  gaa-wells  may  be 
found  on  all  anticlinals.  In  a  theory  of  this  kind,  the  limitations  become  quite  as 
important  as,  or  even  more  so,  than  the  theory  itself ;  and  hence,  I  have  given  con- 
siderable thought  to  this  side  of  the  question,  having  formulated  them  with  three  or 
four  general  rules,  which  include  practically  all  the  limitations  known  to  me  up  to 
the  present  time,  that  should  be  placed  on  the  statement  that  large  gas-wells  may 
be  obtained  on  anticlinal  folds,  viz. : 

"  (a)  The  arch  in  the  rocks  must  be  one  of  considerable  magnitude.  (&)  A 
coarse  or  porous  sandstone  of  considerable  thickness,  or,  if  a  fine-grained  rock,  one 
that  would  have  extensive  fissures  and  thus,  in  either  case,  rendered  capable  of 
acting  as  a  reservoir  for  the  gas,  must  underlie  the  surface  at  a  depth  of  several 
hundred  feet  (600  to  2,600  ieet).  lYobably  very  few  or  none  of  the  grand  arches 
along  mountain  ranges  will  be  found  holding  gas  in  large  quantity,  since  in  such 
cases  the  disturbance  of  the  stratification  has  been  so  profound  that  all  the  natural 
gas  generated  in  the  past  would  long  ago  have  escaped  into  the  air  through  fissures 
that  traverse  all  the  beds.  Another  limitation  might  possibly  be  added,  which 
would  confine  the  area  where  great  gas  fiows  may  be  obtained  to  those  underlaid  by 
a  considerable  thickness  of  bituminous  shale. 

**  Very  fair  gas-wells  may  also  be  obtained  for  a  considerable  distance  down  the 
slope  from  the  crest  of  the  anticlinals,  provided  the  dip  be  su£Sciently  rapid,  and 
especially  if  it  be  irregular  or  interrupted  with  slight  crumples.  And  even  in  regions 
where  there  are  no  marked  anticlinals,  if  the  dip  be  somewhat  rapid  and  irregular, 
rather  large  gas-wells  may  occasionally  be  found,  if  all  other  conditions  are  favora- 
ble."   (Science,  June  26, 1886.) 

To  some  of  these  statements,  Mr.  C.  A.  Ashburner,  Geologist,  in 
charge  of  the  Second  Pennsylvania  Geological  Survey,  took  exceptions, 
in  a  letter  published  in  Science,  July,  1885.    He  says : 

"  Professor  White's  theory  that  *  all  great  gas-wells  are  found  on  the  anticlinal 
axes,'  cannot  be  accepted,  until  he  shall  limit,  by  definition,  all  great  gas- wells  to 
exclude  all  gas-wells,  both  large  and  small,  comparatively,  which  produce  gas  from 
strata  not  found  either  on  anticlinal  axes  or  in  close  proximity  to  such  structural 
lines.  The  Kane  gas-wells,  the  Ridgway  well,  the  *  Old  Mullin  Snorter,'  and  several 
Bolivar  wells  are  notable  instances  among  many  which  might  be  mentioned,  where 
large  gaa-wells  have  been  drilled  in  or  near  the  center  of  synclines. 

"  Although  it  is  a  f :;'ct  that  many  of  our  largest  Pennsylvania  gas-wells  are  located 
near  anticlinal  axes,  yet  the  position  in  which  gas  may  be  found,  and  the  amount  to 
be  obtained,  depend  upon  (a)  the  porosity  and  homogeneousness  of  the  sandstone 
which  serves  as  a  reservoir  to  hold  the  gas,  (b)  the  extent  to  which  the  strata>bove 
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or  below  the  gas-sand  are  cracked ;  (c)  the  dip  of  the  gasHsand  and  the  position  of 
the  anticlines  and  synclines ;  (d)  the  relative  positions  of  water,  oil  and  gas,  con- 
tained in  the  sand  ;  and  (e)  the  pressure  under  which  gas  exists  before  being  tapped 
by  wells." 

To  these  criticismB  Professor  White  makes  reply,  by  urging  that 
subordinate  anticlinals  often  run  along  the  central  line  of  synclines,  and 
that  when  gas  is  found  in  synclines  it  is  at  these  points,  and  that  when 
found  here,  it  is  seldom  free  from  salt-water  by  which  it  is  likely  to  be 
overpowered.  He  further  urges  that  all  the  successful  gas  companies  of 
western  Pennsylvania  and  West  Virginia  are  getting  their  gas  from  the 
crests  of  anticlinal  axes,  while  those  that  have  confined  their  operations 
to  synclines,  have  met  with  uniform  financial  disaster.  He  points  to 
the  brilliant  lights  along  the  summits  of  the  eight  axes  nearest  to  Pitts- 
burgh, and  he  has  since  added  a  ninth,  and  also  to  the  darkness  that 
envelops  the  intervening  synclines,  in  which  hundreds  of  thousands  of 
dollars  have  been  invested  without  developing  a  single  profitable  gas- 
well. 

To  the  qualifications  already  made,  Professor  White  would  probably 
add,  at  this  time,  one  to  the  effect  that  gas-wells  shall  be  located  on  the 
domes  of  the  axis,  rather  than  its  depressions,  recognizing  the  same  line 
of  facts  in  regard  to  them  that  Minsball  had  already  established  in  the 
case  of  the  White  Oak  anticlinal  of  Ohio  and  West  Virginia,  to  which 
reference  has  previously  been.  made. 

The  facts  cited  by  Professor  White  as  to  the  gas-supply  of  Pittsburgh, 
seem  conclusive.  Every  foot  of  it  comes  from  anticlinals,  but  not  from 
them  because  it  has  been  sought  nowhere  else,  but  because,  if  found  in 
other  stations  it  is  speedily  overcome  and  extinguished  by  salt-water. 
Where  anticlinals  of  the  type  here  referred  to  traverse  an  oil-bearing 
series,  it  may  be  considered  demonstrated  that  they  exert  a  decided  effect 
on  the  accumulations  of  oil  and  gas  in  this  series.  So  rational  is  such 
a  conclusion,  eo  directly  does  it  result  from  the  facts  already  stated,  that 
it  is  hard  to  see  on  what  grounds  it  can  be  called  in  question. 

While  there  is  no  element  of  the  theory,  as  stated  by  Professor 
White,  that  differs  from  the  theory  as  heretofore  stated,  his  applications 
of  it  are  bold,  original,  and,  best  of  all,  successful,  and  they  mark  a  new 
period  in  our  study  of  the  geology  of  oil  and  gas. 

But  as  has  been  already  shown,  anticlinals  are  of  infrequent  occur- 
rence in  Ohio.  A  few  of  the  low  arches  of  western  Pennsylvania  extend 
across  the  border,  but  they  soon  flatten  out  and  disappear.  Even  if 
anticlinals  are  held  to  account  for  the  facts  of  oil  and  gas  accumulation, 
the  theory  would  have  but  limited  application  to  our  geology. 
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c.    Arrested  Anticlinak. 

Though  diBtiQct  arches  are  for  the  most  part  wanting  in  our  geology, 
there  is  another  sort  of  structural  deformation  found  here,  which  is  con- 
nected in  a  direct  way  with  the  oil  and  gas  of  eastern  Ohio.  The 
structure  referred  to  is  associated  with  the  arrest  or  suppression  of  the 
prevailing  dip  of  the  rocks  for  a  given  space*and  the  establishment  of  a 
terrace  or  level  bench  in^its  place.  It  the  series  had  lain  level  instead 
of  being  inclined  at  the  slight  angle  which  marks  most  of  eastern  Ohio, 
the  movement  to  which *the  present  terrace  is  due  would  have  resulted 
in  a  low  arch,  but  the  uplifting  force  was  too  feeble  to  do  more  than 
counteract  for  a  short  space  the  normal  dip  by  which  the  entire  series  is  ' 
affected. 

The  structure  referred  to  comes  out  to  view  in  the  Macksburg  oil 
field,  and  is  represented  in  the  maps  and  sections  that  accompany  the 
report  upon  this  field. 

The  entire  series  that  is  found  to  be  connected  here  with  oil  pro- 
duction is  at  least  1,500  feet  thick.  It  enters  the  field  dipping  gently 
to  the  southeast,  at  the  rate  of  twenty  to  thirty  feet  to  the  mile,  but  it 
suddenly  ceases  its  descent,  and  for  about  three  miles  there  is  no  appre- 
ciable fall  In  other  words,  a  normal  descent  of  sixty  to  seventy-five 
feet  is  neutralized.  The  amount  of  territory  included  in  the  terrace 
appears  to  be  fifteen  to  twenty  square  miles.  Beyond  this,  the  regular 
dip  is  resumed. 

In  the  1,500  feet  of  rock  which  compose  the  section  that  the  wells 
here  penetrate,  there  are  not  less  than  five  distinct  oil-sands,  or  in  other 
words,  five  horizons  at  which  oil  and  gas  are  sometimes  found.  Each 
one  of  these  is  productive  of  oil  to  a  greater  or  less  degree,  upon  the 
terrace,  and  of  gas,  upon  the  upper  margin  of  the  terrace.  The  develop- 
ment of  the  field  began  with  the  discovery  of  oil  in  the  shallowest  sand. 
Step  by  step  the  lower  horizons  Jwere  reached.  The  productive  areas  of 
each  have  the  same  surface  boundaries.  The  petroleum  contained  in 
the  different  sandstones  has  different  characters,  varying  in  gravity,  in 
color,  in  chemical  properties,  from  sand  to  sand.  Wells  are  in  operation 
in  most  if  not  in  all  of  these  horizons  in  the  Macksburg  field  at  the 
present  time. 

How  are  these  facts  to  be  explained  ?  If  there  were  an  anticlinal 
fold  here,  it  could  be  urged  that  the  gas  had  found  its  way  through  the 
fractures  and  fissures  of  the  arch  from  the  bottom  upward,  so  that  one 
supply  could  account  for  charging  all  of  the  rocks.  This  explanation 
would  leave  the  differences  in  quality  of  the  oils  found  in  the  several 
rocks  unexplained,  it  is  true,  but  it  might  still  be  maintained.    There 


PETBOLEUH   AND   NATURAL  GAS.  96 

is,  however,  neither  arch  nor  fold  of  any  sort.  That  five  sand-rocks 
distributed  through  1,600  feet  of  stratified  deposits,  should  each  happen 
to  secure  the  right  grain  and  composition  to  make  them  repositories  of 
oil,  within  exactly  the  same  geographical  limits,  is  of  course  incredible. 

There  is  but  one  explanation  of  the  facts  here  given.  The  accumu- 
lation of  oil  and  gas  is  due  to  the  structure,  the  arrangement,  of  the 
rocks  concerned.  In  other  words,  structure  is  a  vital  element  in  the 
accumulation  of  oil  and  gas.  The  facts  in  eastern  Ohio  point  to  the 
conclusion  that  all  other  conditions  for  oil-production  are  met  much 
oftener  than  the  structural  conditions  required.  The  source  of  gas  on 
the  large  scale  is  found  in  the  universal  sheet  of  shale  that  underlies 
this  portion  of  the  state.  A  reservoir  is  furnished  by  the  Berea  grit, 
almost  as  wide  as  this  universal  source  of  gas.  The  Cuyahoga  shale  has 
everywhere  the  essential  conditions  for  roof  or  cover  of  the  oil-sand. 
But  all  of  these  are  powerless  to  produce  an  oil  field  until  the  right 
inclination  is  given  to  the  series.  This  condition  is  met  in  but  few 
instances,  so  far  as  our  present  knowledge  is  concerned. 

The  Wellsburg  gas  field  in  the  Ohio  Valley  below  Steubenville  has 
a  structure  similar  to  the  Macksburg  field.  There  is  a  similar  arrest  of 
normal  dip  and  a  consequent  terrace-like  bench  upon  the  summit  of 
which  the  gas  is  found.  Oil  has  not  yet  been  reported  from  this  field, 
but  if  explorations  are  continued  it  will  undoubtedly  be  found. 

Accurate  measurements  have  not  yet  been  applied  to  all  of  the  few 
oil  fields  and  gas  fields  of  eastern  Ohio,  but  so  far  as  examination  has 
gone  every  one  of  them  betrays  structural  irregularity,  and  most  of  them 
point  to  the  terrace-like  structure  already  described. 

The  true  character  of  the  Macksburg  field  was  first  suspected  and 
approximately  determined  by  Mr.  P.  W.  Minshall,  but  no  instrumental 
measurements,  other  than  barometrical,  were  employed  until  those  that 
are  recorded  in  a  subsequent  chapter  of  this  report.  By  connecting  the 
levels  of  the  coals  and  limestones  of  the  outcrop  with  the  positions  of 
the  several  oil-sands,  as  shown  in  the  drill-holes,  it  is  seen. that  the 
entire  series  has  risen  and  fallen  together,  and  that  conclusions  as  to 
the  depth  of  the  lowest  stratum  reached,  can  be  safely  grounded  on  the 
elevation  of  those  that  are  shown  in  the  hill-sides. 

d.    Structural  IrregtdarUies  in  Northwestern  Ohio. 

The  occurrence  of  petroleum  and  gas,  but  especially  of  the  latter, 
in  northwestern  Ohio,  has  been  found  to  be  associated  with  greater 
irregularities  of  structure  than  are  known  elsewhere  in  the  state,  except 
in  a  single  locality.  The  drift  deposits  of  this  region  are  so  thick  and 
so  continuous  that  there  are  no  adequate  opportunities  to  determine  the 
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horizons  or  dip  of  the  underlying  rocks  by  natural  outcrops,  and  inas- 
much as  the  surface  does  not  betray  any  notable  irregularity,  it  has  been 
a  great  surprise  to  find,  from  the  well-records,  that  the  strata  are  dipping 
at  some  points  at  the  rate  of  300  feet  to  the  mile.  It  is  in  Findlay  that 
the  most  marked  disturbance  occurs,  and  the  great  supplies  of  gas  that 
are  found  there  appear  to  be  closely  connected  with  this  disturbance. 
The  largest  gas-well  is  located  near  the  edge  of  a  steep  descent,  while 
others  that  are  situated  on  the  slopes  yield  both  gas  and  oil.  The  wells 
at  the  bottom  of  the  slope  have  yielded  thus  far  oil  alone,  or  oil  and 
salt-water.  The  facts  connected  with  this  irregularity  of  structure  will 
be  fully  stated  in  a  succeeding  chapter. 

It  is  only  necessary  to  state,  at  this  point,  that  the  gas  of  western 
Ohio,  like  that  of  the  eastern  half  of  the  state,  seems  to  depend  upon 
unusual  facts  of  structure  for  all  of  its  important  accumulations. 


C.    ROOK-PRESSURE  OF  GAS. 

In  connection  with  the  modes  of  accumulation  of  gas  in  its  rock 
reservoirs  that  have  been  already  discussed,  we  come  upon  another 
topic  of  considerable  scientific  and  practical  interest,  viz.,  the  pressure 
exerted  by  the  gas  upon  the  rock  in  which  it  is  contained.  The  only 
means  that  we  have  of  ascertaining  this  pressure  is  by  drilling  into  the 
gas-rock.  The  pipe  that  connects  this  reservoir  with  the  surface  will, 
when  closed,  contain  gas  in  the  same  state  of  tension  that  exists  in  the 
rock.  The  pressure  is  determined  by  a  steamguage  attached  to  the 
pipe.  It  is  known  as  the  rock-pressure  or  closed  pressure  of  the  well, 
and  it  ranges  in  amount  froin  one  to  one  thousand  pounds  to  the  square 
inch.  In  all  the  great  gas-fields  that  are  in  process  of  exploitation,  the 
rock-pressure  ranges  from  300  to  760  pounds,  and  beyond  the  latter  figure 
it  very  seldom  rises.  In  shale  gas-wells  the  pressure  seldom  rises  to 
100  pounds,  the  ordinary  range  being  between  twenty-five  and  seventy- 
five  pounds. 

The  open  pressure  of  a  well,  on  the  other  hand,  is  the  pressure  ex- 
erted by  the  column  of  gas  escaping  with  unobstructed  flow  from  the 
well.  It  is  registered  by  a  guage  of  some  sort  that  is  held  in  the  current. 
The  amount  of  open  pressure  depends  upon  two  factors,  viz.,  the  volume 
of  gas  discharged  in  a  given  time,  and  the  size  of  the  orifice  through 
which  it  is  discharged. 

The  first  element  is  not  under  our  control,  but  by  varying  the  size 
of  the  pipe,  we  find  very  dififerent  results.  The  smallest  figure  are,  of 
course,  obtained  when  the  gas  is  escaping  through  the  casing,  or  the 
5|-inch  pipe  with  which  wells  are  commonly  supplied.    It  requires  a 
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fairly  vigorous  well  to  give  one  pound  open  preBSure  in  a  pipe  of  this 
size.  The  largest  well  ever  struck  in  Ohio,  viz.,  the  Van  Buren  well  of 
Hancock  cQunty,  gave  six  pounds  open  pressure.  When  the  same  well 
was  brought  down  to  a  4*inch  pipe,  the  gauge  showed  an  open  pressure 
of  20^  pounds. 

Wells  of  less  than  one  million  feet  per  day  will  produce  either  no 
effect  or  too  small  an  effect  to  be  easily  noted  on  a  high-pressure  gauge, 
and  for  such  wells  other  means  of  measurement,  as  the  water  or  mercury 
column  or  the  anemometer,  must  be  adopted. 

In  defining  open  pressure,  a  partial  explanation  of  it  has  been  at 
the  same  time  given.  It  results  from  the  volume  of  gas  that  escapes  in 
a  given  interval  from  the  reservoir,  and  thus  obviously  depends  on  the 
general  conditions  and  especially  on  the  porosity  of  the  reservoir.  It 
is  not  connected  with,  or  dependent  on  the  closed  pressure  of  the  wells* 
A  well  may  have  a  high  closed  pressure  and  a  very  low  open  pressure. 
Such  a  well  will  require  a  longer  time  to  reach  its  maximum  after  being 
locked  in.  The  gauge  shows  a  very  slow  rate  of  advance.  The  gas,  in 
other  words,  comes  into  the  well  slowly,  which  is  the  same  as  saying 
that  the  well  is  a  small  one. 

It  is  the  open  pressure  by  which  the  flow  of  a  well  can  be  deter- 
mined. Nothing  whatever  can  be  told  of  the  production  of  a  well  by 
its  closed  pressure,  taken  by  itself.  Wells  in  any  field  are  quite  likely 
to  hold  the  same  closed  pressure,  no  matter  what  their  production  may 
be.  That  is,  when  locked  in,  all  such  wells  will  reach  the  same  figure 
on  the  gauge.  One  well  reaches  it  instantaneously,  or  in  a  very  short 
interval.  In  another,  the  pressure  creeps  slowly  up  for  hours,  but  at 
last  it  gets  to  the  same  point  that  its  great  neighbor  reached  in  a  minute. 

If  the  element  of  time  be  combined  with  the  element  of  closed 
pressure,  an  approximation  can  be  made  to  the  production  of  a  well. 
It  is  obvious  that  a  well  that  gains  100,  200  or  300  pounds  in  a  minute 
has  a  much  larger  production  than  a  well  that  gains  6,  10  or  20  pounds 
in  the  same  interval. 

It  is  probable  that  an  empirical  relation  can  be  established  for  facts 
of  this  character,  but  no  tables  are  yet  known  that  cover  the  ground. 
The  only  scientific  syst^^m  of  measuring  the  flow  of  gas-wells,  that  is  at 
the  same  time  applicable  to  wells  of  all  grades  of  production,  is  that 
which  will  be  found  in  a  subsequent  chapter  of  this  volume.  It  is  based 
on  the  open  pressure  of  the  gas,  and  by  means  of  it  the  strongest  well 
that  ever  blew  can  be  determined  by  a  simple  and  single  measurement 
that  can  be  executed  in  a  few  seconds  at  most. 

Both  the  closed  and  open  pressure  of  wells  have  now  been  defined^ 
7        0. 
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and  the  latter  has  been  explained  to  a  certain  extent.  Can  an  explana- 
tion be  offered  for  the  facts  of  closed  pressure  as  well  ? 

The  subject  is  an  interesting  and  important  one,  but  it  is  confess- 
edly obscure  and  diflScult.  There  has  been  but  little  written  upon  it  by 
those  whose  judgment  would  be  worth  most  to  us.  The  facts  pertaining 
to  the  closed  pressure  of  great  gas-wells  are  among  the  most  striking  in 
the  whole  range  of  mining  enterprise.  To  be  appreciated,  a  high-pres- 
sure gas-well  must  be  seen  and  heard.  The  gas  issues  from  it  with  a 
velocity  twice  as  great  as  that  of  a  bullet  when  it  leaves  a  rifle. 
Sets  of  drilling-tools,  nearly  100  feet  long,  and  weighing  2,000  pounds, 
are  lifted  out  of  a  well  1,000  or  1,500  feet  deep  and  thrown  high  into  the 
air.  The  noise  with  which  the  gas  escapes  is  literally  deafening,  expo- 
sure to  it  often  resulting  in  partial  loss  of  hearing  on  the  part  of  those 
engaged  about  the  well. 

What  is  it  that  originates  this  indescribable  force  ?  Three  answers 
have  been  offered,  but  no  one  of  them,  so  far  as  is  known,  has  been  ex- 
panded into  anything  like  an  elaborate  and  balanced  statement.  They 
have  been  thrown  out  as  suggestions  rather  than  as  full-fledged  theories. 

One  answer  is,  that  the  rock-pressure  is  derived  from  the  expansive 
nature  of  thcggas.  Solid  or  liquid  materials  in  the  reservoir  are  supposed 
to  be  converted  into  gas  as  water  is  converted  into  steam.  The  result- 
ing gas  occupies  many  times  more  space  than  the  bodies  from  which  it 
was  derived,  and  in  seeking  to  obtain  this  space  it  exerts  the  pressure 
which  we  note. 

This  view  has,  no  doubt,  elements  of  truth  in  it,  even  though  it  fails 
to  furnish  a  full  explanation.  For  the  pressure  of  shale-gas,  it  may  be 
that  no  other  force  is  required.  But  the  theory  is  incapable  of  verifica- 
tion, and  we  are  not  able  to  advance  a  great  ways  beyond  the  statement 
of  it.  Some  objections  to  it  will  also  appear  in  connection  with  facts 
that  are  presently  to  be  stated. 

The  second^explanation  that  is  offered  ie,  without  doubt,  more  gen- 
erally accepted*than  any  other  by  those  who  have  begun  to  think  upon 
the  question  at  all. 

This  theory  is  to  the  effect  that  the  weight  of  the  superincumbent 
rocks  is  the  cause'of  the  high  pressure  of  gas  in  the  reservoirs.  In  other 
words,  the  term  rock^easure  is  considered  to  be  descriptive  of  a  cause  as 
well  as  of  a  fact.  That  a  column  of  rock,  1,000  or  1,500  feet  deep  has 
great  weight,  is  obvious.  It  is  assumed  that  this  weight,  whatever  it 
is,  is  available  in  driving  accumulations  of  gas  out  of  rocks  that  contain 
them,  whenever  communication  is  opened  between  the  deeply-buried 
reservoir  and  the  surface. 
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Is  this  assumption  valid?  Can  the  weight  of  the  overlying  rock 
work  in  this  way  ? 

Not  unless  there  is  freedom  of  motion  on  the  part  of  the  constitu- 
ents of  the  rock,  or,  in  other  words,  unless  the  rock  has  lost  its  cohesion 
and  is  in  a  crushed  state.  If  the  rock  retains  its  solidity,  it  can  exert 
no  more  pressure  on  the  gas  that  is  held  in  the  spaces  between  its  grains 
than  the  walls  of  a  cavern  would  exert  on  a  stream  of  water  flowing 
through  it.  Professor  Lesley  has  discussed  this  theory  with  more  elabo- 
ration and  detail  than  any  other  geologist,  and  has  shown  its  entirely 
untenable  character.    (Annual  Report  Penna.  Survey,  1885.) 

The  claim  that  the  Berea  grit  or  the  Trenton  limestone,  where  they 
are,  respectively,  oil  or  gas-rocks,  exists  in  a  crushed  or  comminuted 
state,  is  negatived  by  every  fact  that  we  can  obtain  that  bears  upon  the 
subject.  The  claim  is  a  preposterous  one,  but  without  this  condi- 
tion the  theory  'fails. 

The  third  theory  advanced  to  account  for  the  rock  pressure  of  gas 
stands  on  a  different  basis  from  those  already  named.  It  appeals  to 
water  pressure  in  the  oil  and  gas-rock,  as  the  cause  of  the  flow  of  both 
these  substances,  and  in  this  reference,  it  directs  us  to  principles  and 
facts  of  familiar  experience  and  e very-day  use.  Every  one  is  acquainted 
with  the  phenomena  and  explanation  of  artesian  wells.  By  this  theory 
gas  and  oil-wells  are  made  artesian  in  their  flow.  In  the  porous  rock 
that  contains  them  there  is  always,  outside  of  the  productive  fields,  a 
body  of  water,  and  in  almost  every  instance,  salt-water.  This  water 
occupies  the  rock  as  it  rises  to  day  in  its  nearest  outcrops.  Communi- 
cating there  with  surface  water  or  with  rainfall,  a  head  of  pressure  is 
given  to  the  gas  and  oil  that  are  held  in  the  traps  formed  by  the  anti- 
clinals  or  terraces  into  which  the  stratum  has  been  thrown.  The 
amount  of  pressure  would  thus  depend  on  the  height  to  which  the  water 
column  is  raised,  in  case  continuous  porosity  of  the  stratum  can  be 
assumed.  Defects  in  regard  to  porosity  would  abate  from  the  total 
pressure  on  the  oil  or  gas. 

l^his,  m  short,  is  the  third  and  last  of  the  explanations  oflered  of 
the  rock-pressure  of  natural  gas.  There  seems  little  reason  to  doubt 
that  it  is  along  this  line  that  the  true  explanation  is  to  be  found, 
though  it  is  too  early  to  claim  that  a  fiill  account  can  now  be  given  of 
all  the  facts  involved. 

One  of  the  significant  elements  in  the  case  is  the  salt-water  that 
surrounds  every  oil  and  gas-field.  When  the  drill  descends  into  this 
outside  territory,  salt-water  promptly  rises  in  the  well  to  the  surface,  or 
to  a  given  depth  below  the  surface.  Sometimes,  indeed,  it  overflows. 
Why  does  the  salt-water  rise  ? 
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What  other  cause  can  be  suggested  than  pressure  from  behind? 
The  rise  must  be  artesian.  But  just  beyond  the  salt-water,  on  a  slightly 
higher  level  of  the  rock,  lies  the  oil  pool.  When  that  is  reached  by  the 
drill,  the  oil  flows  out  from  the  well.  Will  not  the  same  cause  that  we 
found  in  active  and  unmistakable  operation  in  the  adjacent  salt-water 
territory  explain  the  flow  of  the  oil  from  the  second  well  ?  Is  not  this 
also  artesian  ? 

In  like  manner,  the  pressure  of  the  gas  that  is  confined  within  the 
highest  levels  of  the  same  porous  rock  can  be  explained,  and  thus  one 
familiar  cause  that  is  demonstrably  present  in  the  field  is  made  to 
account  for  the  varied  phenomena  presented. 

With  the  exhaustion  of  a  gas-field  or  oil-field,  these  substances  are 
followed  up  and  replaced  by  salt-water.  This  is  the  common  fate  of  gas 
and  oil-wells,  the  death  to  which  they  all  seem  to  be  appointed. 

Certain  obvious  inferences  follow  the  acceptance  of  this  explana- 
tion: 

1.  The  supplies  of  gas  and  oil  are  seen  to  be  definitely  limited  by 
this  theory  of  rock  pressure*  If  a  salt-water  column  is  the  propelling 
force,  it  is  idle  to  speculate  on  constantly  renewed  supplies.  The  water 
advances  as  the  gas  or  oil  is  withdrawn,  and  the  closing  stage  of  the 
oil-rock  is,  as  already  pointed  out,  a  salt-water  rock. 

2.  Other  things  being  equal,  the  rock  pressure  will  be  greatest  in 
the  deepest  wells.     The  deeper  the  well,  the  longer  the  water  column. 

3.  Other  things  being  equal,  the  rock-preseure  will  be  greatest  in 
districts  the  gas  or  oil-rock  of  which  rises  highest  above  the  sea  in  its 
outcrops.  The  750  lbs.  of  rock-pressure  in  Pennsylvania  gas-wells,  as 
contrasted  with  the  400  lbs.  pressure  of  Findlay  wells,  can  be  accounted 
for  on  this  principle. 

4.  The  rock-pressure  of  gas  may  be  continued  with  unabated  force 
until  the  end  of  production  is  at  baud.  Maintenance  of  pressure  is  no 
proof  of  renewal  of  supply.  The  last  thousand  feet  will  come  out  of  a 
gaph older  with  as  much  force  as  the  first  thousand  feet. 

5.  Where  both  oil  and  gas  are  found  in  a  single  field,  the  first  sign 
of  approaching  failure  will  be  the  invasion  of  the  gas-rock  by  oil,  or  of 
the  oil-rock  by  salt-water. 


CHAPTER  III. 

THE   TRENTON  LIMESTONE  AS  A  SOURCE  OP  OIL  AND  GAS 

IN  OHIO. 


Bt  Edwabd  Obton. 


The  entire  history  of  the  diecovery  and  exploitation  of  petroleum  in 
this  country  has  been  full  of  surprises,  both  to  the  practical  men  en- 
gaged in  the  work  and  to  the  geologists  who  have  studied  the  facts  as 
they  have  been  brought  to  light,  but  no  previous  chapter  of  the  history 
has  proved  as  strange  and  well-nigh  incredible  as  the  discovery  and  de- 
velopment which  are  now  to  be  described. 

No  fact  in  this  line  could  be  more  unexpected  than  that  any  notable 
supplies  of  petroleum  or  gas  should  be  furnished  by  the  Trenton  lime- 
stone, which  is  widely  known  as  a  massive,  compact  and  fossiliferouB 
limstone  of  Lower  Silurian  age  and  of  wide  extent,  constituting  in  fact 
one  of  the  great  foundations  of  the  continent.  But  when  required  to 
believe  that  certain  phases  of  this  Trenton  limestone  make  one  of  the 
great  oil-rocks  of  our  geological  scale,  one  which  produces  from  single 
wells  5,000  barrels  of  oil,  or  16,000,000  cubic  feet  of  inflammable  gas  in 
a  day,  it  is  hard  to  prevent  our  surprise  from  passing  into  incredulity. 
It  is  this  remarkable  history  which  is  to  occupy  the  present  chapter. 

A  brief  account  has  already  been  given  of  the  Trenton  limestone 
(page  4,  etc.),  and  its  character,  extent  and  composition  have  been  indi- 
cated.   To  these  statements,  a  few  others  are  to  be  added. 

The  formation  ranges  in  thickness  from  50  to  800  feet,  and  when 
the  limestone  is  replaced  in  part  by  shales,  the  formation  sometimes 
becomes  2,000  feet  thick. 

In  New  York  it  is  divided  into  two  divisions,  viz.,  the  Trenton 
limestone  proper,  and  the  Black  River  limestone.  The  lower  portion  of 
the  latter  is  sometimes  separated  from  the  stratum  under  the  name  of 
the  Birdseye  limestone.  This  designation  is  derived  from  the  occurrence 
of  small  crystalline  points  in  the  limestone.  Both  of  these  divisions 
belong  to  the  true  limestones  as  distinguished  from  magnesian  limestone. 

In  Illinois  and  Wisconsin,  there  is,  also,  a  two-fold  division  of  the 
formation,  but  on  a  different  basis  from  that  adopted  at  the  east.    The 
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divisions  here  recognized  are  called  the  Galena  and  the  Trenton  lime- 
stone. They  are,  respectively,  250  and  100  feet  thick  in  maximum 
measurements.  The  upper,  or  Galena  division,  is,  in  its  best  state,  a 
light-colored  blue  or  drab,  coarse-grained,  porous,  and  almost  pure  dolo- 
mite. The  underlying  Trenton  is,  also,  generally  magnesian  in  compo- 
sition, but  it  does  not  quite  reach  dolomitic  proportions.  It  is  also  less 
pure  in  the  main  than  the  best  phases  of  the  Galena.  (Geol.  of  Wise., 
Vol.  I.) 

In  central  Kentucky,  again,  a  twofold  division  of  the  Trenton  is 
recognized,  the  two  members  being  known  as  the  Trenton  and  Birdseye 
divisions.  The  former  is  reported  to  be  175  feet  in  thickness,  and  the 
latter  130  feet.  (Rocks  of  Central  Kentucky,  W,  M.  Linney,  Ky.  Geol. 
Survey,  1882.)  In  composition,  the  Trenton  of  Kentucky  is  impure, 
and  contains  but  a  small  percentage  (five  to  ten)  of  carbonate  of  mag- 
nesia, so  far  as  can  be  judged  from  the  few  analyses  available. 

In  Ohio,  the  Trenton  limestone  appears  to  agree  in  its  divisions 
with  those  of  Wisconsin  on  one  side  and  with  those  of  Kentucky  on  the 
other.  In  other  words,  it  has  a  threefold  division  when  all  the  deposits 
of  this  age  in  the  state  with  which  we  have  become  acquainted  are 
taken  into  account.  In  southern  Ohio,  the  Kentucky  series  appears  in 
the  well  sections,  consisting  of  the  Trenton  proper  and  the  underlying 
Birdseye.  In  northwestern  Ohio,  we  find  in  the  new  oil  and  gas-rock, 
a  stratum  which  is,  so  far  as  composition  goes,  the  equivalent  of  the 
Galena  dolomite,  underneath  which,  rocks  having  the  composition  of 
the  Trenton  and  Birdseye  of  the  south  appear. 

The  position  of  the  Galena  limestone  in  the  geological  scale,  it  must 
be  added,  is  not  entirely  settled.  A  question  has,  at  least,  been  raised  in 
regard  to  it.  Mr.  C.  D.  Walcott,  of  the  United  States  Geological  Survey, 
has  urged  the  view  that  instead  of  belonging  to  the  Trenton  epoch,  it 
is  really  the  equivalent  and  representative  of*  the  Utica  shale,  no  trace 
of  which  in  its  characteristic  form  is  found  in  the  Wisconsin  section. 
The  absence  of  the  shale  proper  is,  in  fact,  one  of  the  strongest  argu- 
ments brought  forward  for  the  new  reference.  If  the  oil-rock  of  Ohio 
represents  the  Galena  dolomite,  then  the  argument  above-named  loses 
its  force,  because  over  this  formation  there  is  found  the  full  section  of 
the  Utica  shale,  normal  in  every  particular.  If  it  does  not  represent 
the  Galena  division,  it  still  exhibits  as  marked  a  departure  from  the 
ordinary  character  of  the  Trenton  limestone  as  the  latter  does,  and  thus 
weakens  the  argument  for  separating  the  Galena. 

A  number  of  analyses  of  the  several  members  of  the  Trenton  group 
will  here  be  given,  illustrative  of  the  differences  in  composition  that 
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have  been  already  referred  to.    The  uppermoBt,  or  dolomite  division, 
will  be  represented  first : 

1.  Galena  limestone,  Wisconsin.— fod^. 

2.  Findlay  gas-rock,  Ohio.— Lord, 
8.    lima  oil-rock, 

4.    Bowling  Green  gas-rock,  Ohio.— XorcE. 
6.    Kokomo  gas-rock,  Indiana. — Lord, 

6.  Upper  beds  of  Trenton  limestone,  Escanaba  river,  Michigan.— GM.  Survey. 

7.  "         "  "  "  Whiteflsh    "  "  " 


1 

• 
2 

• 
8 

• 
4 

6 

6 

7 

rjArhnnjiiA  nf  llmA 

64.06 

44.14 

1.67 

.26 

68.60 

48.06 

1.70 

1.26 

65.90 

88.86 

.76 

2.94 

61.78 

86.80 

4.89 

62.80 

89.60 

4.60 

2.40 

61.00 

8aoo 

7.00 
2.60 

62.00 

Carbonate  of  magnesia... 
Insoluble  residuA 

8a60 
6.60 

Ox'e  of  iron  and  almnina 

8.00 

100.01 

99.60 

98.44 

99.80 

9a60 

99.00 

The  next  group  of  analyses  represents  the  composition  of  a  lower 
division  of  the  Trenton  series,  which  is  counted  the  Trenton  limestone 
proper  in  a  considerable  part  of  the  country.  Under  this  head  the 
Trenton  of  New  York  and  New  Jersey  will  find  a  place.  No  sharp  line 
can  be  drawn  between  this  and  the  succeeding  group : 

No.  1— Drillings  100  feet  below  gas-rock,  Bowling  Green,  Ohio.— lord. 
No.  2—       "       60  feet  below  surface  of  Trenton,  Springfield,  Ohic^Xord. 
No.  8— Middle  division,  Trenton  limestone,  Escanaba  river,  Mich.— Geol,  8urv»  1,78. 
No.  4—    "  "  "  "  Whiteflsh    "       "  «       «       « 

No.  6—    "  "  "  «  Bristol.  Wisconsin.— Danirfb. 


• 
1 

2 

8 

4 

6 

Carbonate  of  lime 

Carbonate  of  magnepia 

Insoluble  residue,...tTt..^..... ...... ...T..T".t. .t- 

88.64 
6.77 
2.16 

84.01 

1.88 

12.19 

88.00 
4.00 
6.40 
1.00 

82.00 
8.00 

18.00 
1.60 

84.02 
638 
7.42 

OtiHa  of  \rnn  and  Alnminii.  

8.04 

99.40 

99.60 

99.81 

Another  group  of  analyses  represents  the  composition  of  the  upper- 
most beds  of  the  Trenton  limestone  at  various  points  in  Ohio  outside  of 
the  productive  oil  and  gas-fields.  This  group  will  include  the  Trenton 
limestone  of  central  Kentucky  as  well : 
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No.  1— -Top  of  Trenton  limestone,  Piqua,  Ohio. 


No.  a-     " 

No.  8-       " 
No.  4-       " 
No.  B—       " 
No.  6-       " 
No.  7-       " 
No.  8-       « 

it 
«< 
u 
*i 
(( 
u 
u 

•< 

« 
« 

« 

Osbom,  Ohio. 
Vienna,  Ohio. 
Hillsboro,  Ohio. 
Hamilton,  Ohio. 
Fremont,  Ohio. 
Plymouth,  Ohio. 
Arcadia,  Ohio. 

1 

2 

8 

4 

6 

6 

7 

8 

1 

nflrhnnatA  nf  limA 

78.7 
1.7 

17.7 
1.2 

81.8 
2.6 

14.4 
1.8 

82.48 

85.00 
2.00 

11.8 
0.6 

84.70 
1.50 

12.00 
1.50 

75.74 

18.87 

6.58 

67.5 

11.4 

16.6 

2.6 

84  j^ 

Carbonate  of  maflmefiiA^ 

5.44 

TnnnlnhlA  irAdiHnA 

8.47 

8.56 

Tmn  ATiH  ftlnmiriA -- 

99.8 

100.1 

99.4 

99.70 

98.1 

This  group  blends  and  crosses  with  group  No.  2.  The  same  rock, 
doubtless,  appears  in  both  tables.  A  fourth  group  is,  however,  added, 
in  which  the  proportions  of  lime  and  magnesia  are  seen  to  be  a  mean 
between  the  first  and  second  tables.  The  geographical  locations  of  the 
points  here  named  must  be  observed.  They  belong  on  the  edge  of  the 
productive  fields.  Nos.  6  and  7  of  the  preceding  table  might,  with  equal 
propriety,  find  a  place  here. 

No.  1— Top  of  Trenton  limestone  at  Fostoria.— ZorcL 
No.  2—    "  "  "  Sidney.— iord. 

No.  8—    "  "  «  Huntsville.--Ctorfe. 


i 

1 

2 

3 

Carbonate  of  lime 

61.50 

27.80 

5.82 

62.30 

28.80 

4.40 

360 

57.28 

CWbonate  of  maflmeaia... ...... i.. ............................ r.... ........ ....... 

8816 

Insoluble  residue 

4.41 

Oxide  of  iron  and  alumina 

815 

98.60 

97.95 

Still  another  variety  of  composition  is  found  in  the  Trenton  lime- 
stone of  Ohio,  and  also  of  other  adjacent  states.  This  stratum  is  some- 
times, though  rarely,  a  nearly  pure  carbonate  of  lime.  This  phase  is 
shown  in  the  gas-rock  of  St,  Henry's,  Mercer  county,  Ohio,  and  also  in 
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the  glasB-rock,  so-called,  of  Wisconsin.  The  Trenton  limestone  of  Carey 
and  Dunkirk,  Ohio,  will  probably  be  found  to  agree  with  the  St.  Henry's 
rock. 

No.  1— ^t.  Henry's  gas-rock.— E.  Orion,  Jr. 

No.  2— GlaES-rock,  soathem  'Wisconsin.— Daniel. 


Carbonate  of  lime 

Carbonate  of  magnesia.. 

Insoluble  residue 

Iron  and  alumina.. 


93.64 
8.87 
1.27 


98.78 


97.92 

1.60 

.28 

.82 


100.62 


Many  other  analyses  will  be  added  and  discussed  in  the  body  of  the 
chapter,  and  after  the  facts  of  gas  and  oil  production  have  been  stated, 
the  connection  existing  between  the  chemical  and  petroliferous  char- 
acters of  the  rock  will  be  considered.  It  is  already  apparent  that  two 
very  distinct  types  of  rock  are  now  grouped  in  Ohio  under  the  name  of 
Trenton  limestone,  and  that  all  the  valuable  qualities  of  the  one  are 
popularly,  but  vainly,  expected  from  the  other  also. 

In  New  York  and  Canada,  the  Trenton  limestone  is  directly  over- 
lain by  the  Utica  shale,  a  stratum  cf  brown  or  black,  fine-grained  shale, 
poor  in  fossils,  as  a  rule,  but  containing  a  few  which  are  strictly  charac- 
teristic, that  is,  that  are  found  nowhere  else.  The  Utica  shale  ranges 
betw.een  200  and  300  feet  in  thickness  in  its  typical  localities  in  New 
York. 

Above  this  well-marked  deposit,  in  the  eastern  territory  already 
named,  another  stratum  of  shale,  sometimes  interstratified  with  thin 
courses  of  limestone,  is  found.  It  is  named  the  Hudson  River  shale. 
It  has  a  maximum  thickness  in  New  York  of  1,000  feet,  and  an  average 
thickness  of  perhaps  half  this  measure  to  the  westward,  where  it  be- 
comes more  calcareous.  It  is  mainly  light-blue,  or  greenish-blue  in 
color,  and  contains  many  fossils. 

Above  the  Hudson  River  shales  is  the  Medina  formation,  red  sand- 
stone at  the  eastward,  and  red  shale  at  the  west.  Its  color  is  character- 
istic, as  there  is  no  similar  element  in  this  part  of  the  scale. 

The  Hudson  River  and  Utica  shales,  when  followed  to  southern 
Ohio,  seem  to  have  lost  their  distinguishing  lithological  characteristics, 
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and  to  be  blended  in  a  common  mass  of  blae  calcareous  shale,  with 
many  thin  layers  of  interstratified  limestone,  both  limestone  and  shale 
being  highly  fossiliferous.  To  this  blended  stratum  the  name  .Cincin- 
nati group  is  given. 

The  Trenton  limestone,  as  already  shown,  rises  to  the  surface  at  but 
a  single  point  within  the  limit  of  the  state  (page  5).  Its  nearest  im- 
portant outcrops  are  in  the  Blue  Grass  region  of  central  Kentucky,  and 
in  the  Manitoulin  Islands,  north  of  Lake  Huron.*  In  the  valley  of  the 
Ohio,  at  Cincinnati,  we  are  obliged  to  descend  about  three  hundred  feet 
beneath  the  surface  to  reach  it. 

This  limestone  is  known  to  be  a  source  of  petroleum  at  many 
localities.  Dana  says  of  it,  in  New  York,  '^  it  is  sometimes  bituminous, 
especially  in  its  upper  portions. "  He  speaks  of  small  quantities  of  oil 
being  contained  in  it  at  Watertown,  New  York,  and  also  at  Mont- 
morenci  and  Pakenham,  Canada.  Hunt  asserts  that  it  contains  petro- 
leum in  its  outcrops  in  the  Manitoulin  Islands.  He  instances  one  well 
that  produced  120  barrels.  In  southern  Kentucky  and  in  TennesseCi 
this  same  limestone  has  been  credited  with  a  part,  at  least,  of  the  large 
production  of  oil  that  has  occurred  there.  A  single  well  is  claimed  to 
•have  produced  50,000  barrels,  but  its  oil  was  probably  derived  from  the 
Hudson  River  series. 

Within  the  last  three  years,  the  Trenton  limestone  has  been  proved 
to  be  a  source  of  high-pressure  gas,  and  of  petroleum  in  considerable 
quantity  at  several  points  in  northwestern  Ohio,  and  later  in  central 
Indiana.  Although  this  formation  was  believed  to  underlie  the  part  of 
the  state  in  which  it  has  been  found,  and  although  it  was  known  to  be 
petroliferous  in  its  nearest  outcrops,  both  north  and  south,  the  occur- 
rence of  oil  and  gas  in  quantity  in  it  in  Ohio,  had  not  only  not  been 
predicted,  but  was  entirely  unexpected.  One  reason  why  it  was  not  ex- 
pected was,  that  this  stratum  had  been  previously  reached  and  pene- 
trated in  several  deep  borings  within  the  state  without  any  sign  of  the 
presence  of  either  oil  or  gas  in  considerable  quantity. 

The  best  known  of  these  borings  was  the  deep  well  in  the  State 
House  grounds  at  Columbus.  This  boring  was  undertaken  to  supply 
the  State  House  with  water,  and  it  was  carried  to  a  depth  of  2,775  feet. 
Its  record  is  as  follows,  being  quoted  from  Newberry's  account  in  Geology 
of  Ohio,  1, 113  : 
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STM0F8I8  OF  THB  RbOISTKB  OF  THX  StATS  HoUBB  WkLL. 


Date. 


i 
I 
I 


:l 


<S| 


Bocks  pamed 
through. 


Bemarka. 


1867. 
Nov.  4 


Dec.    2 
Dec.  11 


1868. 
Jan.  14 

Jan.  16 


Mar.  20 
April  8 


1869. 
June 25 


1880. 
June  21 


Oct.    1 


1 

128 

2 

16 

128 

8 

188 

188 

4 

2 

276 

6 

486 

278 

6 

162 

764 

7 

1068 

926 

8 

476 

1980 

9 

8167 

2469 
2776.4 

Olay,  Band  A  gravel. 


Blackiah  shale . 


Gray  limestone  with 
bands  of  chert... 


Very  gritty  rock  ..... 

Limestones,  light- 
colored  and  sandy 
above;  darker  and 
argillaceous  below. 

Bed,  brown  and  gray 
shales  and  marls.. 

Blue  and  greenish 
calcareous  shales... 


Light-colored,  sandy, 
magnesian  lime- 
stone  


''Whitish  sand- 
stone,'' calcareous.. 


Present  bottom  of 
well  in  sandrock.  ? 


10 


12 


13 


4} 


Well  tubed  with  6-inch  pi}>e 
to  the  rock.  Inside  of  this 
a  4-inch  pipe  sunk  several 
feet  into  the  rock. 


Struck  current  of  water  at 
160  ft.,  which  washed  away 
borings  to  242  ft  Found 
sulphur  water  at  180  ft. 

Water  rose  6  ft. 


Found  salt  water  at  676  ft 


Borings  impregnated  with 
salt 

Progress  per  day  ranging] 
from  1  to  26  ft.  Much  im- 
peded by  crumbling  of 
shale  strata;  harder  below. 
Borings  salt. 


Water  continues  saline. 


Probably  alternating  bands 
of  sand  and  limestone 
above.  No  borings  pre- 
served below  2,670  ft. ;  most- 
ly washed  away  by  water. 


The  interpretation  of  the  section  as  furnished  by  Newberry,  must 
be  in  the  main  accepted.  But  one  or  two  important  corrections  are 
made  in  the  scheme  presented  below* 
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GlBOLOGICAL  SbCTIOM  OF  THX  StBATA  PsMraTRATBD  IN  THX  BtaTS  H0U8B  WSLL. 


i 

Character  of  rocks. 

Geological  equivalents. 

i 

I 

1 

123 

Clay,  sand  and  gravel. 

Drift  deposits. 

•  Drift. 

2 

16 

Blackish  shale. 

Ohio  shale,  bottom  layers. 

3 

138 

Gray  limestone  with 
bands  of  chert. 

Corniferous  limestone. 

•  Devonian. 

4 

2 

Very  gritty  rock. 

Oriskany  sandstone.  7 

. 

6 

486 

Limestones,  light-colored 
and  sandy  above ;  dark- 
er and  argillaceous  be- 
low. 

L.  Helderberg,  Niagara  and 
Clinton  limestones. 

Upper  Silurian. 

6 

162 

Red,    brown    and   gray 
shales  and  marls. 

Medina  and  upper  part  of 
Hudson  River  shales. 

7 

1068 

Blue  and  green  calcare- 
ous shales   and   lime- 
stones. 

• 

Hudson  River  and  TJtica 
shales. 

8 

476 

Light  drab,  sandy  mag- 
nesian  limestone. 

Trenton  limestone. 

-  Lower  Silurian. 

9 

816 

White  sand-rock.  (Cal- 
careous). 

Calciferous  sand-rock.  ? 

' 

No  hint  was  anywhere  given  in  the  record  of  the  well  of  the 
presence  of  these  bituminous  substances  in  noticeable  amount.  The 
Trenton  limestone  was  reached  at  a  depth  of  1,984  feet,  as  is  seen  from 
the  table  above  given. 

A  deep  well  was  drilled  in  Eaton,  Preble  county,  some  years  since, 
in  search  of  petroleum.  The  drilling  was  begun  in  the  Niagara  lime- 
stone, and  was  carried  down  to  1,370  feet  or  thertabouts.  The  drill 
traversed  several  hundred  feet  of  Trenton  limestone,  but  neither  gas 
nor  oil  was  found  in  noticeable  quantity  after  the  first  few  hundred  feet 
were  passed  through. 

A  number  of  deep  wells  have  been  drilled  in  the  Ohio  Valley  near 
Cincinnati,  which  have  been  carried  through  the  Trenton  limestone 
without  doubt,  but  only  insignificant  accumulations  of  gas  or  oil  have 
been  found  in  any  of  them. 

These  facts,  drawn  from  widely  separated  localities,  agreed  in  the 
negative  testimony  which  they  furnished  as  to  the  petroliferous  charac- 
ter of  the  Trenton  in  Ohio,  and  seemed  to  set  aside  any  presumption  in 
its  favor  that  might  arise  from  the  petroleum  found  in  its  outcrops  in 
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adjacent  states.  The  cause  of  these  failures  in  southern  Ohio,  we  are 
coming  to  understand.  They  depend  on  the  chemical  constitution  of 
the  Trenton  limestone  in  that  part  of  the  state. 

But  in  November,  1884,  the  drill  revealed  the  presence  of  natural 
gas  in  large  quantity,  and  directly  afterwards  of  petroleum  also,  in  the 
Trenton  limestone  underlying  Findlay,  Hancock  county.  Other  wells 
drilled  in  neighboring  towns  soon  proved  the  horizon  productive  at 
numerous  points,  but  Findlay  has  remained  to  the  present  time  the 
center  of  interest  in  the  new  field.  On  all  accounts,  therefore,  it  deserves 
to  be  treated  first  when  the  history  of  gas  and  oil  in  northwestern  Ohio 
is  given. 

Discovery  of  Oaa  and  Oil  at  Findlay. 

Natural  gas  has  been  known  to  occur  at  and  near  Findlay  since  the 
country  was  fir.^^t  settled.  In  several  springs  that  issue  from  the  lime- 
stone outcropping  in  the  valley  of  Blanchard's  Fork,  gas  has  always 
been  known  to  escape  in  considerable  quantity.  The  water  of  such 
springs  was  charged  with  sulphuretted  hydrogen  in  all  cases. 

The  first  discovery  of  gas  in  excavations  in  or  around  the  town 
seems  to  have  been  made  in  October,  1836.  At  a  point  three-and-one- 
half  miles  south  of  the  court-house,  in  the  northwest  quarter  of  section 
five,  Jackson  township,  a  man  named  Wade  was  digging  a  well  on  the 
farm  of  his  brother-in-law,  Aaron  Williamson.  The  digging  had  been 
carried  down  ten  feet  and  water  was  found  in  sufficient  quantity.  The 
workmen  were  ready  to  wall  the  well  when  they  were  called  to  supper. 
Coming  back  at  the  edge  of  the  evening  to  complete  the  work,  a  lighted 
bark  torch  ignited  the  gas  in  the  well,  giving  rise  to  a  slight  explosion. 
The  gas  appeared  in  quantity  enough  to  maintain  a  flame  which  burned, 
as  the  story  goes,  for  three  months,  when  the  snow  and  rain  got  the 
better  of  it  and  extinguished  it.    The  well  was  never  walled  nor  used. 

In  1838,  Mr.  Daniel  Foster  dug  a  well  on  his  premises,  at  the  corner 
of  Main  and  Hardin  streets,  Findlay.  The  gas  appeared  in  quantity 
and  the  water  was  too  sulphurous  for  use.  It  occurred  to  Mr.  Foster  to 
get  some  good  from  his  labor,  though  as  a  source  of  water  the  well  was 
a  failure.  Placing  an  inverted  sugar-kettle  in  the  well,  he  collected  the 
gas  that  rose  beneath  it,  conveying  it  by  means  of  a  wooden-pipe  under 
his  house  to  the  fireplace  of  one  of  the  rooms.  Here  he  burned  it  in  an 
old  gun-barrel,  turning  the  heat  to  some  economic  account.  The  gas  has 
been  burning  in  this  house  from  that  day  to  the  present.  The  house  is 
now  owned  by  Dr.  Jacob  Carr.  An  account  of  the  later  gas-production 
here  was  given  by  Professor  N.  H.  Winchell,  in  Geology  of  Ohio,  Vol. 
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II,  published  in  18741  (p.  366-7).  He  quotes  from  a  letter  of  Dr.  Carr, 
which  bears  date  February  4,  1872 :...."!  have  lighted  my 
house  during  the  last  nine  or  ten  years  from  an  adjoining  well,  which, 
at  first,  was  dug  to  the  rock,  seven  feet  from  the  surface  of  the  ground, 
for  the  purpose  of  procuring  water  for  house  use.  The  gas  comes  through 
crevices  in  the  rock  and  spoils  the  water  for  kitchen  use.  Three  such 
wells  are  on  my  lot,  which  is  50  by  200  feet.  I  have  never  been  able  to 
get  down  to  the  rock  without  encountering  this  gas,  and  have  filled  up 

a  number  of  wells In  1865  a  company  leased  the  privilege 

of  drilling  on  my  lot.  They  drilled  135  feet  in  limestone,  when  the 
auger  got  fast*and^they  gave  up  the  enterprise.  I  now  use  gas  from  that 
well,  the  supply  being  more  abundant  than  from  those  where  no  drilling 
was  done 

^'  Oas  has  been  struck  in  small  quantities  in  various  parts  of  the 
town,  but  unless  they  strike  crevices  there  is  not  a  sufficient  supply  to 
light  a  dwelling-house 

*'  In  digging  the  sewers  through  the  main  street,  they  being  an  av- 
erage of  eight  feet  from  the  surface,  ave  in  of  sulphuretted  hydrogen  gas 
was  developed  which  has  an  extremely  ofiensive  smell 

"The  wells  that  give  sulphuretted  water  are  all  from  the  rock. 
There  was  a  well  dug  thirteen  feet  deep  to  the  rock,  striking  a  crevice 
from  which  issues  an  inexhaustible  supply  of  highly  impregnated  sul- 
phur water A  very  small  quantity    ....    of  sugar  of 

lead  in  a  bucketful  of  this  water  colors  it  an  intense  black. 

.  .  .  .  "  The  gas  which  I  use  was  analyzed  in  1865  by  Professor 
Chilton,  of  New  York  City,  and  pronounced  by  him  to  be  light  carbu- 
retted  hydrogen,  and  to  have  come  from  petroleum." 

These  statements,  made  fourteen  years  ago,  show  very  plainly  the 
state  of  things  with  reference  to  gas-production  which  has  existed  in 
Findlay  since  its  settlement.  Gas  has  always  been  known  to  be  present 
here,  but  it  has  been  looked  on  as  a  nuisance,  as  something  to  be  got  rid 
of,  if  possible.  It  ruined  the  water  of  many  of  the  wells  in  the  town 
proper,  and  it  gave  rise  to  frequent  explosions  where  excavations  were 
made. 

The  amount  of  gas  produced  was  recognized  by  good  observers  as 
considerable.  As  far  back  as  1864,  Dr.  Charles  Oesterlin  urged  the  con- 
struction of  proper  reservoirs  by  a  company  or  by  the  town,  so  that  the 
gas  could  be  used  for  illumination.  He  was  perhaps  the  first  person  to 
see  the  possibilities  of  considerable  or  even  large  service  from  this 
troublesome  and  intrusive  element.  His  judgment  was  correct,  but  his 
suggestion  as  to  use  was  made  twenty  years  too  soon.  The  recent  ex- 
perience of  western  Pennsylvania  was  needed  before  enough  persons 
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could  be  fouiid  in  Pindlay  to  follow  the  indications  of  gas  supply  with 
which  all  were  acquainted. 

In  1888  and  1884,  the  drilling  was  going  on  at  many  points  in  Ohio. 
A  company  was  formed  at  Bueyrus,  among  other  towns,  and  in  the  latter 
part  of  1883  a  well  was  drilled  there.  By  this  approach  of  the  drillers, 
Dr.  Oesterlin*s  interest  was  renewed  in  the  Findlay  supply.  He  corre- 
sponded with  the  Gillespie  Tool  Company,  of  Pittsburgh,  Pa.,  who  were 
sinking  the  Bueyrus  well,  and  urged  upon  his  neighbors  the  policy  of 
organizing  a  natural  gas  company  forthwith.  In  this  work,  he  wag 
presently  re-enforced  by  Mr.  Charles  J.  Eckels,  an  old  resident  of  the 
town,  who  had  made  at  about  this  time  a  visit  to  the  natural  gas  regions 
of  western  Pennsylvania,  and  who  was  greatly  impressed  with  what  he 
learned  as  to  the  desirability  and  value  of  the  new  fuel. 

Mr.  Henry  Porch,  collector  of  the  town,  was  next  interested,  and 
thus  a  number  of  citizens  were  brought  together  in  March,  1884,  to  or- 
ganize the  Findlay  Natural  Gas  Company.  The  incorporators,  in  addi- 
tion to  the  three  gentlemen  already  named,  were  Messrs.  Blackford, 
Glessner,  Zeller,  Eunz,  Coons,  Stringfellow  and  Heck.  The  capital 
stock  of  the  company  was  $5,000,  and  Dr.  Oesterlin  was  elected  president. 

Correspondence  in  regard  to  drilling  was  at  once  begun,  and  a  con- 
tract was  presently  entered  into  with  Brownyar  and  Martin,  of  Bradford, 
Pa.,  to  sink  a  well  in  Findlay.  Drilling  was  begun  about  October  20th 
on  the  east  side  of  Eagle  Creek,  and  just  beyond  the  corporation  limits. 
The  location  was  made  because  of  the  presence  of  a  well-known  gas 
spring  in  the  immediate  neighborhood.  As  the  drill  descended,  gas  was 
found  in  small  quantity  from  314  feet  downwards,  but  larger  veins  were 
struck  at  516,  618  and  640  feet.  The  supply  from  these  sources  was 
ample  to  furnish  steam  for  drilling.  At  718  feet,  a  small  quantity  of  oil 
was  found.  This  horizon  is  a  notable  one  in  all  of  the  Findlay  wells, 
but  the  character  of  the  bed  that  furnishes  it  has  not  yet  been  worked 
out.  But  at  1,092  feet,  early  in  the  month  of  November,  a  large  flow 
was  obtained.  The  gas  was  lighted  and  the  blaze  shot  up  20  or  30  feet 
above  the  stand-pipe.  The  light  could  be  seen  for  10  or  15  miles  away, 
on  all  sides.  Great  excitement  was  naturally  caused  by  the  discovery, 
and  people  flocked  into  Findlay  by  the  thousand  to  see  the  strange 
spectacle.  No  measurements  were  made  of  the  flow  of  the  well,  but  by 
comparison  with  the  yield  of  later  wells,  as  estimated  by  the  drillers,  its 
daily  production  was,  probably,  between  200,000  and  300,000  cubic  feet. 
On  this  point  we  have  nothing  but  estimates,  however. 

The  flow  of  gas  proved  thus  large  and  constant,  but  still  the  com- 
pany proceeded  to  drill  deeper  in  search  of  a  more  abundant  supply. 
The  drill  finally  rested  at  1,648  feet.    Salt-water  was  found  in  consider- 
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able  quantity  at  1,581  feet,  and  its  presence  discoaraged  a  much  deeper 
descent.  A  heav^  black  oil  was  found  in  small  amount  iii  the  well. 
There  was  an  accumulation  of  it  to  the  extent  of  perhaps  40  feet  in  the 
pocket  at  one  time.  Its  source  was  not  far  from  the  point  at  which  the 
gas  was  found.  As  has  been  stated  earlier,  black  oil  was  also  found  at 
718  feet  in  the  well. 

The  record  of  the  well,  as  published  at  the  time,  was  substantially 
as  follows,  a  few  terms  being  replaced  : 

Drift 

Limestone 

Thin  slate 

Blue  limestone 

Limestone,  soft 

Slate 

Red  shale  (boundaries  not  certain) 88    ** 

Gray  shale  (lower  boundary  indistinct) 424    " 

Brown  shale,  with  some  changes 862    " 

Solid  limestone,  the  gas-rock,  first  struck  at 1092    '^ 

Gritty  limestone,  found  at 1120    " 

Limestone,  found  at 1860    " 

Gritty  limestone,  with  salt-water,  at. 1628    '^ 

Drill  rested  at 1648    *' 

This  record  is  represented  in  the  accompanying  diagram. 

The  well  was  cased  at  257  feet,  and  no  water  entered  thereafter  in 
quantity  until  a  depth  of  1581  feet  was  reached.  In  the  upper  lime- 
stone, saline  and  sulphurous  water  was  found  at  several  different  levels. 
The  cost  of  the  well  was  *3,2(X).00. 

By  analysis  of  this  record,  the  following  facts  appear,  viz.,  (1)  the 
bedded  rock  was  struck  at  a  depth  of  eight  feet;  (2)  there  was  a  thick- 
ness of  237  feet  of  limestone  in  a  practically  continuous  body ;  (3)  below 
this,  a  body  of  shales,  blue,  red,  gray  and  brown  or  black  successively, 
was  found,  847  feet  in  thickness ;  (4)  a  solid  limestone  was  next  found, 
which,  beginning  at  1,092  feet,  held  on  to  the  bottom  of  the  well. 

This  lower  limestone  was  divided  by  the  drillers  into  several  sec- 
tions as  indicated  above,  but  there  was  no  urgent  ground  for  such  di- 
visions. The  limestone  really  constitutes  a  single  stratum,  the  thick- 
ness of  which  was  found  in  the  well  section  to  be  556  feet,  the  bottom 
of  it  being  not  yet  reached.  Only  minor  changes  in  color  and  compo- 
sition were  noted  in  descending. 

The  main  stock  of  gas  was  found  in  the  uppermost  portion  of  this 
great  stratum. 

The  record  can  be  still  further  reduced  by  writing  it  thus ; 

8  G. 
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Drift 8  feet 

Upper  limeetoneB 287    '* 

Shales,  red,  gray,  brown 847    '' 

Lower  limeetone,  or  gas-rock,  strack  at 1092  feet 

InterpretcUian  of  the  WeUrReeord. 

The  reference  of  the  various  strata  penetrated  in  drilling  to  their 
proper  places  in  the  geological  column,  does  not  prove  to  be  a  difficult 
task.  The  only  uncertainty  pertaining  to  it  is  in  fixing  the  limits  of 
the  several  strata.    This,  it  is  not  always  possible  to  do  with  exactness. 

Fortunately,  Mr.  Eckels,  one  of  the  originators  of  the  company,  was 
able  to  give  a  great  deal  of  time  and  attention  to  the  work  of  securing 
samples  of  the  drillings  of  this  first  well  at  frequent  intervals,  and  especi- 
ally at  all  the  marked  changes.  These  well-authenticated  samples  were 
kindly  turned  over  to  the  State  Geological  Survey  for  study  and  analysis, 
and  by  means  of  them,  combined  with  the  study  of  drillings  subse- 
quently obtained  from  other  Find] ay  wells  and  from  other  localities,  a 
very  satisfactory  account  can  be  given  of  that  portion  of  our  geological 
scale  that  is  included  in  the  well  records. 

The  uppermost  limestone  in  which  the  drilling  begins,  proves  to  be 
the  Niagara  limestone,  and  the  horizon  at  which  it  is  struck  is  near  the 
uppermost  portion  of  this  series.  The  rock  is  quarried  largely  in  the 
immediate  neighborhood,  and  the  Waterlime  or  Lower  Helderberg  series 
is  also  found  and  quarried  near  by.  The  237  feet  referred  to  the  upper 
limestone  does  not,  however,  prove  to  be  a  single  stratum.  There  is  a 
thin  bed  of  very  white  and  fine-grained  clay  occurring  in  this  series 
that  always  attracts  the  attention  of  the  drillers,  although  it  does  not 
always  find  a  place  on  the  record.  It  is  but  two  feet  thick,  according  to 
the  newspaper  record  quoted  above,  but  this  measurement  is  wrongly 
given.  It  is  ten  feet  thick  in  this  well,  and  is  generally  more.  It  is 
tough  and  waxy,  and  the  tools  are  sometimes  obstructed  by  it.  It 
generally  contains  some  of  the  smaller  fossils  of  the  formation.  In  all 
respects,  it  agrees  in  character  with  the  thin  stratum  of  white  clay  with 
which  the  Clinton  limestone  is  terminated  in  southern  Ohio.  Its  out- 
crop is  especially  well  seen  in  the  vicinity  of  Dayton,  marking  the  exact 
boundary  between  the  Clinton  and  Niagara  divisions  there.  It  seems 
to  answer  the  same  purpose  in  the  deep  wells  of  northern  Ohio.  A  belt 
of  soapstone  or  shale  represents  the  Niagara  shale  in  this  part  of  the 
state.  It  has  escaped  recognition,  or  at  least,  record,  in  many  of  the 
wells,  but  others  show  it  to  be  a  distinct  element  in  the  section.  The 
underlying  Clinton  seems  to  contain  shale  mingled  with  the  limestone, 
agreeing  in  this  respect  with  the  phases  of  the  formation  in  New  York* 
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It  also  has  a  greater  thickness  than  is  found  in  the  solid  limestone 
stratum  of  this  age  in  southern  Ohio. 

In  other  words,  the  so-called  ''upper  limestone"  of  the  Findlay  wells 
is  found,  when  carefully  studied,  to  comprise  the  following  elements,  viz.: 

Niagara  limestone,  Oe.darTille  divifllon,  Springfield  division,  100  to  260  feet;  160 
feet  in  first  well. 

Niagara  shale,  0  to  86  feet ;  10  feet  in  first  well. 

Clinton  limestone  and  shale,  60  to  100  feet;  80  feet  in  Findlay  wells. 

• 

Underneath  the  upper  limestone,  860  feet  of  shales  are  found,  which 
the  driller  separates  on  the  basis  of  color,  classifying  them  as  red,  gray 
and  dark  or  black  shales*  In  making  this  classification,  however,  he  is 
but  following  the  divisions  made  long  ago  by  the  geologist.  The  red 
shale  that  he  reports  as  thirty  or  more  feet  thick,  and  which,  in  fact, 
is  usually  more  than  twice  this  thickness,  can  be  nothing  else  but  the 
Medina  shale,  the  western  representative  of  the  Medina  sandstone  of 
New  York. 

The  blue  or  gray  shale,  often  distinctly  greenish  in  some  of  its 
layers,  and  generally  carrying  numerous  fossils,  especially  in  the  thin  . 
leaves  of  limestone  which  are  interstratified  with  the  shale,  is  in  the 
place  and  lias  all  the  characteristics  of  the  Hudson  River  shales  of  New 
York.  A  thickness  of  424  feet  is  assigned  to  it  in  the  record  of  well  No* 
1,  but  the  lower  boundary  is  not  sharp  and  distinct,  and  the  facts  now 
in  hand  prove  that  it  would  be  better  to  increase  this  section  by  100  or 
more  feet  at  the  expense  of  the  division  next  below.  The  Hudson  River 
shales  can  be  counted,  therefore,  as  about  550  feet  in  thickness  in 
northern  Ohio. 

There  remains  to  be  assigned  to  its  place  in  the  geological  column 
the  lowest  portion  of  the  shale  found  by  the  driller.  It  is  somewhat 
calcareous  in  composition,  though  not  highly  so.  It  is  dark  in  color, 
sometimes  brownish,  sometimes  blueish-black.  It  is  250  to  300  feet  in 
thickness.  Though  fossils  are  rare  in  it,  they  are  not  entirely  wanting. 
Careful  search  in  the  drillings  revealed  the  frequent  presence  cf  a 
minute,  almost  microscopic  form,  Leptobolus  insignia,  Hall,  especially  in 
the  lowest  beds.  This  is  the  most  characteristic  fossil  of  the  Utica  shale, 
and  to  this  reference  all  the  facts  given  above  as  to  composition,  color 
and  thickness,  agree.  There  is,  therefore,  no  difiiculty  nor  ambiguity 
in  resolving  the  great  shale  formation  of  the  Findlay  wells  into  the 
well-known  and  widely  extended  geological  elements  already  named, 
viz.,  the  Medina,  Hudson  River  and  Utica  shales. 

Equally  free  from  obscurity  or  question  is  the  reference  of  the  one 
remaining  element  of  the  section,  viz.,  the  "  lower  limestone  "  or  the 
gas  and  oil  rock.    This  can  not  be  anything  but  the  Trenton  limestone 
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of  the  general  column.  It  agrees  in  all  essentials  with  this  great 
stratum.  Fragments  of  characteristic  fossils  frequently  occur.  In  the 
lower  portions  of  the  first  well,  the  drillings  showed  the  crystalline  points 
of  caicite  that  give  the  so-called  Birdseye  structure  to  the  bottom  beds  of 
the  Trenton  limestone  elsewhere.  We  are  therefore  safe  in  referring 
this  550  feet  stratum  of  the  Findlay  well  to  the  Trenton,  including  both 
the  Galena  or  uppermost,  the  Trenton  proper  and  the  Birdseye  divi- 
sions. 

It  is  thus  seen  that  the  geological  growth  of  northern  Ohio  is  iden- 
tical in  its  phases  with  the  growth  of  New  York  and  Canada.  The 
column  shown  in  the  wells  is  strictly  comparable  in  all  of  its  main 
features  with  the  column  of  western  New  York,  agreeing  much  more 
closely  with  this  than  with  the  section  that  is  shown  in  outcrop  in 
southern  Ohio  and  in  the  territory  adjacent  to  it. 

The  reference  here  ^iven  was  made  known  to  the  drillers  at  once, 
and  the  several  elements  of  the  scale  last  mentioned,  viz.,  the  Medina, 
Hudson  River,  Utica  and  Trenton  epochs,  none  of  which  are  found  in 
outcrop  in  the  state,  in  separate,  unequivocal  and  undisputed  form  were 
at  once  adopted  and  made  to  enjoy  universal  currency.  The  Trenton 
limestone,  in  particular,  has  already  become  a  household  word  in  north- 
western Ohio  and  in  all  the  states  adjacent. 

A  few  chemical  analyses  of  the  several  strata  found  in  the  first 
Findlay  well  are  appended  here.  They  were  executed  for  the  survey 
byProf.  N.  W.  Lord: 

1.  Niagara  limestone  at  180^. 

2.  Clinton  "  226'. 
8.  Trenton  "  1092'. 
4.         "                "  " 


Carbonate  of  lime.. 

Carbonate  of  magnesia.. 

Insolnble  residue,  silica,  etc.. 
Iron  and  alumina 


52.41 

41.51 

8.92 


2 


60.27 

40.88 

6.60 


47.06 
88.88 
11.78 


68.60 

43.05 

1.70 

1.25 


The  gas  rock,  as  shown  in  No.  3,  appears  in  a  more  impure  form 
than  at  most  other  points  in  the  field.  This  fact  arises  from  the  Utica 
shale  being  mixed  in  the  drillings.  The  composition  of  the  gas  rock 
by  itself  is  shown  in  No.  4. 
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The  reRister  of  the  first  important  gas-well  of  this  new  field  has  now 
been  discassed,  and  the  leading  facts  pertaining  to  the  discovery  of 
high-pressure  gas  at  this  point  have  been  put  on  record. 

The  testimony  furnished  by  the  first  Findlay  well  as  to  a  reservoir 
of  gas  and  oil  below  the  surface  was  confirmed  and  supplemented  by  the 
records  of  other  wells  that  were  put  down  in  rapid  succession  in  this 
and  in  adjoining  towns. 

The  discovery  of  gas  and  oil  at  Findlay  has  made  a  great  impres- 
sion  on  the  western  half  of  Ohio,  not  only,  but  on  all  adjacent  states  as 
well.  In  fact,  no  geological  discovery  ever  made  in  the  country,  unless 
the  original  discovery  of  petroleum  in  western  Pennsylvania  shall  be 
excepted,  has  exerted  so  wide-spread  and  powerful  an  influence  on  half 
of  the  United  States,  or  at  least  on  the  northern  Mississippi  Valley,  as 
the  discovery  of  Findlay  gas.  Every  county  in  the  western  half  of  Ohio, 
without  exception,  has  already  drilled  one  or  more  wells  to  the  Trenton 
limestone,  or  at  least  has  made  a  vigorous  and  determined  efifort  to 
reach  the  new  source  of  light  and  heat.  Many  counties  outside  this 
limit  have  spent  and  are  still  spending  money  lavishly  in  the  same 
search.  £ven  small  villages  that  have  heretofore  counted  themselves 
too  poor  to  provide  such  fundamental  requirements  of  comfortable 
living  as  sidewalks,  street-lamps,  and  graveled  road  ways,  find  no  trouble 
in  raising  money  enough  to  drill  two  thousand  feet,  or  more,  into 
the  underlying  rocks,  in  search  for  natural  gas.  When  such  towns 
attain  any  pronounced  success  in  their  drilling,  they  are  sometimes 
temporarily  embarassed  thereby,  as  there  are,  in  many  cases,  no  indus- 
tries established  in  them  to  which  a  large  flow  of  gas  can  be  profitably 
applied. 

Outside  of  our  state  limits,  and  especially  in  Indiana,  the  search 
has  been  extended,  and  in  a  number  of  counties  with  remarkable  success. 
Real  estate  speculations,  sometimes  of  a  very  unreasonable  sort,  have 
lately  followed  these  discoveries,  and  whole  communities  have  been 
worked  up  into  an  excited  and  irrational  frame  of  mind.  The  immense 
importance  of  the  business  interests  involved,  will  be  subsequently 
pointed  out. 

The  search  for  petroleum  and  gas,  as  is  well  known,  is  invested 
with  the  same  sort  of  fascination  that  attends  the  search  for  other  un- 
derground treasures.  The  element  of  chanee  comes  distinctly  into  the 
account.  It  requires  no  elaborate  calculation  to  establish  the  great 
value  of  a  permanent  flow  of  natural  gas  at  the  rate  of  one  or  more 
millions  of  cubic  feet  in  a  day,  and,  in  the  popular  estimate,  one  town 
or  one  locality  has  as  good  a  right  to  expect  success  in  its  search  as 
another.    In  drilling  oil  or  gas-wells,  as  in  lotteries,  the  blanks  are  not 
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counted.  It  is  only  the  successful  ventures  that  are  kept  before  the 
mind. 

Then  again,  there  are  those  at  hand  whose  interest  it  is  to  foster 
the  appeal  to  the  drill.  It  is  certainly  no  reproach  to  the  driller  that 
he  follows  the  proverb,  "  make  hay  while  the  sun  shines."  Very  likely 
he  is  entirely  sincere  in  the  belief  that  the  town  which  proposes  to  drill 
has  just  as  good  a  chance  to  strike  gas  as  Findlay  had.  At  any  rate  one 
brilliant  success  outweighs  many  failures,  and  he  finds  it  easy  to  make 
efifective  use  of  the  many  instances  at  hand  in  which  great  results  have 
followed  the  drilling  of  a  test  well. 

An  English  geologist  has  remarked  "  the  curious  perversity  of  the 
human  mind,  that  men  prefer  to  take  the  advice  of  those  whose  interest 
it  is  to  get  them  to  spend  money  rather  than  the  warnings  of  those  who 
can  have  no  interest  in  inducing  them  not  to  spend  it."  This  per- 
versity finds,  as  a  matter  of  course,  frequent  illustration  in  the  new 
field.  It  is  especially  noticeable  in  the  continuing  to  drill  after  the  gas 
and  oil  horizon  has  been  passed.  To  drill  deeper  is  the  almost  universal 
demand,  when  failure  at  the  proper  horizon  is  experienced.  Thus  far, 
unless  some  gas  or  oil  is  found  in  the  uppermost  sheets  of  the  Trenton 
limestone,  none  is  found  below,  and  in  but  one  case  have  valuable 
accessions  to  the  supply  been  made  more  than  fifty-five  feet  below  the 
top  of  the  rock.  There  are  scores  of  instances  now  on  record,  all  agreeing 
as  to  this  point,  and  yet  most  of  the  wells  that  fail  to  find  gas  in  the 
proper  horizon  are  carried  down  200,  300,  400  feet  into  the  solid  lime- 
stone before  being  finally  abandoned.  Such  expenditures  are  a  dead 
loss  to  the  investors,  and  are  generally  of  but  little  value  to  the  drillers. 

The  same  perversity  shows  itself  in  multiplying  wells  after  one  or 
even  after  repeated  failures  in  territory  which  must  be  counted  on 
highly  probable  ground  as  unproductive. 


THE  FINDLAY  FIELD. 

Not  only  was  Findlay  the  first  town  in  Ohio  to  reach  gas  and  oil  in 
the  Trenton  limestone,  in  point  of  time,  but  it  is,  also,  easily  first,  thus 
far,  in  point  of  importance.  The  country  for  a  dozen  miles  north  and 
east  of  the  town  is  counted  in  the  Findlay  field  in  this  connection.  In 
gas-production,  indeed,  no  other  locality  of  northwestern  Ohio  has,  as 
yet,  come  into  anything  like  close  comparison  with  it.  Its  present 
supply  is  ample  for  any  enterprises,  and  the  possibilities  of  future  sup- 
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ply  seem  large  and  promiBing.  The  town  has  already  received  an  ex- 
traordinary impetus,  and  its  business  prospects  seem  ver>  auspicious. 
A  record  of  the  new  industries  of  the  town  will  be  appended  to  this  sec- 
tion. 

A  brief  account  will  now  be  undertaken  of  the  development  of  the 
field  since  the  initial  well  was  drilled  in  November,  1884,  the  history  of 
which  has  been  given  in  the  preceding  pages. 

No  sooner  had  Dr.  Oesterlin  and  his  associates,  the  pioneers  in  Find- 
lay  gas-production,  proved  the  existence  of  a  prolific  gas-rock,  1,100  feet 
below  the  surface,  than  other  parties  set  out  to  find  and  test  the  new 
source  of  wealth.  By  the  experience  already  gained,  the  work  had  been 
simplified  and  the  expenses  of  drilling  correspondingly  reduced.  The 
thickness  of  the  upper  limestone  was  now  known,  and  also  the  horizons 
at  which  water  veins  were  struck,  and  the  length  of  the  casing  required 
to  exclude  the  limestone  water.  So  also  the  several  gas  horizons  found 
in  the  first  well  were  located,  and  especially  the  main  one.  Most  impor- 
tant of  all,  the  negative  results,  so  far  as  gas  or  oil  was  concerned,  ob- 
tained by  the  first  company  in  sinking  the  drill  through  650  feet  of  the 
Trenton  limestone,  discouraged  all  who  came  later  from  again  incurring 
this  large  and  useless  expense.  Several  of  the  succeeding  wells  were, 
however,  carried  deeper  than  was  necessary. 

Before  taking  up  the  history  of  the  wells  in  detail,  a  few  facts  will 
be  given  as  to  the  geology  and  topography  of  the  region  to  which  Find- 
lay  belongs. 

Geology  and  Topography  op  Findlay. 

Findlay  is  located  in  the  drift-covered  plain  of  northwestern  Ohio, 
but  within  the  city  limits  and  in  the  immediate  vicinity,  the  beds  of 
drift  are  not  as  heavy  as  are  often  found.  They  range  here,  for  the  most 
part,  five  to  twenty-five  feet  in  thickness.  The  limestone  is  laid  bare  in 
the  beds  of  the  streams,  and  is  also  struck  in  many  ordinary  excavations, 
as  wells,  cellars  and  sewers.  On  the  east  side  of  the  town  where  all  the 
larger  quarries  are  located,  the  limestone  proves  to  be  the  Niagara.  In 
bedding  and  composition,  it  is  characteristic,  but  it  is  not  as  rich  in  fos- 
sils as  the  upper  beds  of  the  Niagara  generally  are.  Some  fossils  are 
found,  however,  and  among  them  the  following  have  been  identified, 
viz.,  Halysites  catenviata,  Syringopora^  a  cyathophylloid  coral,  character- 
istic of  the  Niagara,  probably  Zaphrentia  RcLcinerma  Whitf.^  a  i^m/era,.like 
pluxUdla,  and  crinoidal  joints.  Most  are  obscure  and  poorly  preserved, 
but  those  that  are  found  are  decisive  as  to  the  age  of  the  rock. 

In  these  quarries  ten  to  twelve  feet  are  worked,  and  near  the  banks 
of  the  streams  but  little  stripping  is  required.    The  stone  lies  in  a  very 
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irregular  and  disturbed  condition  for  Ohio  rocks.  It  rises  and  falls  in 
waves  and  folds,  the  pitch  being  often  as  much  as  one  foot  in  fifteen. 
This  state  of  things  is  seen  to  good  advantage  at  Isaac  Hershey's  quar- 
ries, on  the  banks  of  Lye  creek,  and  also  in  the  bed  of  Blanchard  river, 
near  the  Main  street  bridge.  At  the  latter  point  the  dip  is  seen  to  be 
seven  degrees  to  the  westward.  The  surface  here  is  marked  dis- 
tinctly by  glacial  scratches.  To  the  west  of  the  town,  a  ridge  extends 
for  some  distance,  and  at  an  elevation  of  fifty  to  seventy-five  feet  above 
the  general  level  of  the  country.  This  ridge  proves  to  be  underlain 
with  bedded  limestone,  but  the  limestone  belongs  to  a  higher  horizon 
than  that  already  named.  It  is  the  Waterlime  stratum  that  appears 
here  the  bedding  of  which  is  so  uniform  and  characteristic  for  many 
hundreds  of  square  miles  in  northern  and  central  Ohio,  that  no  further 
evidence  is  needed  as  to  its  geological  age  than  this  single  fact  fur- 
nishes. 

The  topography  of  the  region  is  quite  simple.  Blanchard's  Fork  of 
the  Auglaize  River  flows  through  the  town  in  a  westerly  direction.  As 
before  stated,  it  has  a  rocky  floor  within  the  town  limits,  but  its  banks 
are  not  high.  Its  tributaries  also  flow  in  shallow  valleys,  most  of  which 
are  floored  with  Niagara  limestone. 

The  elevation  of  the  station  of  the  Lake  Erie  and  Western  Railroad, 
according  to  published  fiecures,  is  782  feet  above  tide-water.  Taking  this 
as  a  base,  the  levels  of  the  several  gas-wells  have  been  determined,  and 
a  tabular  statement  of  the  facts  will  be  found  on  a  subsequent  page. 
Aside  from  the  limestone  ridge  on  the  southwestern  side  of  the  town, 
the  variation  in  level  of  the  surface  of  the  town  is  quite  small,  and,  in 
fact,  it  needs  good  engineering  to  give  proper  fall  to  drains  and  sewers. 

No  evidence  of  any  unusual  disturbance  in  the  rocks  of  this  district 
is  apparent  in  any  surface  indications,  further  than  such  as  have  been 
already  pointed  out,  as,  for  example,  in  the  Hershey  quarry.  While  the 
irregularities  referred  to  are  unusual,  they  do  not  appear  to  be  large  or 
continuous,  and,  in  fact,  the  records  of  the  gas-wells  on  the  east  side  of 
Main  street  show  a  surprising  degree  of  uniformity  in  the  underlying 
strata.  The  gas-wells  in  other  portions  of  the  town  have,  however,  es- 
tablished the  unexpected  and  surprising  fact  that  there  is  in  Findlay  a 
heavier  dip,  or,  in  other  words,  a  steeper  slope  of  the  strata  than  is  to 
be  found,  so  far  as  is  now  known,  at  any  other  point  in  Ohio  except  one. 
The -Sinking  Springs  fault,  on  the  north  line  of  Adams  county,  shows  a 
greater  disturbance  than  that  recorded  here,  but  a  dip  of  nearly  150  feet 
in  less  than  half  a  mile  has  been  found,  by  comparing  the  records  of 
two  gas-wells  in  Findlay.  The  facts  will  be  be  better  understood  when 
the  registers  of  the  several  wells  have  been  given  and  discussed. 
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Records  of  Findlay  Wbllb. 

The  history  of  the  discovery  of  natural  gas  in  the  Trenton  lime- 
stone, at  Findlay,  has  already  been  given,  and  with  it  the  record  of 
well  No.  1. 

WM  No,  2.  The  Qaa  Works  WeU.  The  Findlay  Gas-Light  Company, 
that  has  been  supplying  the  town  with  coal  gas  from  a  small  plant,  for 
a  number  of  years,  was  the  first  to  follow  the  successful  experience  of 
the  Natural  Gas  Company  by  drilling.  The  interest  of  this  company  in 
the  discovery  is  obvious.  The  Natural  Gas  Company  was  making  ready 
to  utilize  its  discovery  by  laying  mains  from  its  well  into  the  town,  and 
the  competition  of  artificial  gas  with  the  new  supply  was  altogether  out 
of  the  question.  This  new  well  was  located  on  the  Gas  Company's  lot 
and  within  a  few  score  of  feet  of  the  works.  Drilling  was  began  about 
December  20,  1884.  The  work  proceeded  uneventfully  and  the  record  of 
the  first  well  was  duplicated  in  all  essential  points.  The  upper  limestones 
were  found  to  be  245  feet  thick.  The  casing  was  set  at  260  feet. 
Small  gas  veins  were  struck  at  627,  623  and  700  feet,  about  as  in  the 
pioneer  well.  The  main  gas  rock  was  reached  at  1,090  feet,  but  the 
drilling  was  continued  to  1,200  feet.  The  well  was  completed  early  in 
January,  1886.  The  flow  of  gas  never  quite  equaled  that  of  the  first 
well.  Its  daily  production  may  have  reached  200,000  feet.  It  did  not 
probably  exceed  this  figure.  The  well  being  closed,  the  pressure  in  the 
gauge  rose  to  seventy-five  pounds  in  twelve  minutes.  The  gas  was 
turned  directly  into  the  city  mains  and  found  a  market  from  the  first. 
The  well  is  now  one  of  the  smallest  producers  in  the  circuit.  Its  record 
is  as  follows : 

Elevation  of  casing  above  tide 776.60  feet 

Sarface  of  Trenton  limeBtone  below  tide 814.60    *' 

Well  No.  3.  The  Marvin  Well.  This  well  is  located  on  Front  street, 
about  260  feet  east  of  Main  street,  and  about  one  square  south  of  the 
river.  The  casing  is  773.87  feet  above  sea  level,  and  the  Trenton  lime- 
stone 346  feet  below. 

It  was  drilled  by  W.  K.  Marvin  &  Sons,  to  furnish  power  for  their 
machine  shop,  the  well  being  located  in  the  lot  belonging  to  the  works. 
It  was  subsequently  bought  in  by  the  Findlay  Gas-Light  Company,  and 
is  now  in  the  general  circuit  of  this  company. 

Without  previous  experience  in  drilling,  they  carried  on  the  work 
without  outside  help  and  reached  the  gas  rock  successfully,  though 
requiring  a  little  longer  time  than  was  used  in  drilling  other  wells. 
The  rock  section  reported  in  their  register  agreed  in  all  the  main  items 
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with  the  sections  of  the  first  two  wells,  but  the  yield  of  gas  proved 
smaller  than  in  either  of  the  others.  Within  a  week  or  two  after  the 
gas  was  reached,  the  anemometer  measurement  applied  to  the  well 
made  the  daily  outflow  81,244  cubic  feet  per  diem.  Mr.  Marvin  is  con- 
fident that  the  flow  has  increased  since  the  well  was  opened.  The  well 
shows  400  pounds  pressure  in  the  morning  after  being  shut  off  all  night, 
as  do  all  of  the  Findlay  wells,  without  exception,  until  obstructed  with 
oil  and  brine. 

The  upper  limestones  were  about  260  feet  thick,  the  casing  was  set 
-  at  271  feet,  the  lower  gas  rock  was  reached  at  1,120  feet,  and  the  main 
gas  supply  at  1,130  feet,  and  the  drill  rested  at  1,165  feet.  The  well  was 
finished  in  June,  1886.  Mr.  Marvin  makes  a  statement  that  illustrates 
more  strikingly  than  any  other  fact  obtained  in  the  field  the  communi- 
cation that  exists  between  different  portions  of  the  oil  rock.  The  gauge 
in  his  well,  which  had  been  standing  uniformly  at  100  pounds  closed 
pressure,  went  up  to  625  pounds  on  the  morning  after  the  Putnam  street 
well  was  torpedoed.  The  mercury  in  a  gauge  was  also  displaced  by  the 
shock,  apparently,  part  of  it  being  thrown  from  the  open  end  of  the 
gauge.  The  uniformity  of  pressure,  already  remarked  upon,  presupposes 
such  free  communication,  but  the  conclusion  is  strengthened  by  such  a 
fact  as  this. 

Well  No.  4.  The  Adams  WeU,  or  Fovmdry  WdL  This  well  was  com- 
pleted on  the  28th  day  of  May,  1885.  It  is  located  at  the  Adams  Foun- 
dry and  Machine  Shop  on  Main  Cross  street,  nearly  opposite  the  station 
of  the  Lake  Erie  and  Western  Railroad.  It  is  a  little  south  of  west  from 
the  Marvin  well,  and  about  three-eighths  of  a  mile  distant.  It  was 
drilled  by  the  Findlay  Gas  Company  (coal  gas),  thus  making  their 
second  well.  A  chief  purpose  was  to  obtain  power  for  the  works  where 
it  is  located. 

The  registers  of  the  three  wells  that  had  been  drilled  (the  third  was 
not  completed  when  this  was  begun)  had  agreed  almost  exactly  as  to 
the  geological  section  traversed  by  the  drill.  Below  the  drift,  which 
was  of  variable  thickness,  there  was  a  limestone  formation  about  250 
feet  thick,  underneath  which  860  feet  of  shale  were  found,  covering  the 
Trenton  limestone,  which  is  the  gas-rock.  Mr.  W.  M.  Martin  had 
charge  of  the  work  on  wells  Nos.  1  and  2,  and  finding  their  record  re- 
peated in  well  No.  3,  as  far  as  it  had  gone,  naturally  concluded  that  a 
similar  section  would  be  found  in  the  Adams  well,  which  also  he  was 
drilling.  But  this  geological  inference  proved  to  be  unfounded,  and  the 
progress  of  his  work  brought  out  the  surprising  fact,  that  in  the  mo- 
notonous, drift-covered  plains  of  northwestern  Ohio,  there  are  far  greater 
structural  irregularities  in  the  way  of  heavy  dip  than  is  to  be  found 
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among  the  valleys  and  hills  of  even  the  eastern  portion  of  the  state,  on 
the  border  of  the  great  disturbances  that  have  lifted  Pennsylvania  and 
Virginia  into  mountain  folds. 

In  the  Adams  well,  350  feet  ol  the  upper  limestone  series  was  found, 
instead  of  245  feet,  as  shown  in  the  three  other  sections.  The  well- 
marked  horizon  of  the  Medina  shale,  in  other  words,  had  descended 
about  100  feet  in  a  third  of  a  mile.  The  upper  limestones  had  been  re- 
enforced  by  the  overlying  Waterlime  which,  as  has  been  shown,  is  found 
within  the  limits  of  Findlay.  In  all  other  respects,  however,  the  new 
well  followed  the  records  of  its  predecessors.^  The  Trenton  rock  was 
struck  at  1,188  feet,  or  just  about  100  feet  lower  than  in  the  other  wells. 
This  shows  the  great  shale  deposit  to  maintain  its  regular  thickness 
here  of  about  850  feet. 

In  the  upper  limestone,  at  a  depth  of  105  feet,  a  thin  bed  of  "  sand- 
stone "  was  reported,  and  a  few  feet  below  it,  a  "  quartz  rock  "  was  re- 
ported, through  which  the  drill  laboriously  descended,  according  to  the 
accounts  given,  at  the  rate  of  one  or  two  feet  per  diem.  The  sandstone 
sheet  comes  in,  apparently,  at  the  place  of  the  Hillsboro  sandstone  of 
the  general  column,  which  is  interposed  between  the  Niagara  and 
Waterlime.  It  is  not  shown,  however,  in  outcrops  of  this  line  of  junc- 
tion in  northern  Ohio,  so  far  as  is  known.  The  silicious  deposit,  referred 
to  as  "  quartz  rock, "  is,  probably,  one  of  the  flinty  courses  that  find 
frequent  place  in  our  limestone  series. 

In  gas-production,  the  Adams  well  proved  much  stronger  than 
either  of  those  that  had  preceded  it.  It  was  estimated,  by  the  drillers, 
to  yield  six  or  eight  times  as  much  as  the  first  well.  The  flow,  as  de- 
termined by  the  anemometer  on  June  8,  about  a  week  after  the  gas  was 
struck,  was  at  the  rate  of  1,296,000  cubic  feet  per  diem.  The  use  of  the 
anemometer  for  measuring  the  flow  of  gas-wells  was  first  suggested,  so 
far  as  is  known,  by  Mr.  Emerson  McMillin,  Superintendent  of  the  Co- 
lumbus Gas  Works,  and  it  was  first  applied  by  him  to  the  measurement 
of  the  Adams  well,  with  the  results  already  given.  It  has  since  been 
compared  with  other  modes  of  measurement,  and  has  been  found  to  be 
fairly  reliable.  It  is  not  adapted,  however,  to  wells  of  the  highest 
pressure.  The  current  can,  however,  be  divided  in  such  cases  so  as  to 
admit  of  its  use.  This  subject  of  measuring  the  production  oi  gas-wells 
will  be  discussed  further,  in  a  subsequent  chapter. 

Oil  appeared  in  the  Adams  well  at  the  same  time,  and  at  the  same 
horizon,  at  which  the  gas  was  found.  After  the  well  was  brought  into 
the  system  of  city  supply,  the  oil  was  seen  to  be  increasing  in  amount. 
During  the  last  four  months  of  1885,  about  five  barrels  of  oil  were 
brought  up  with  the  gas  each  day,  but  without  much  diminution  in  the 
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quantity  of  the  gas.  In  January,  1886,  however,  a  change  appeared. 
The  Karg  well,  which  is  by  far  the  strongest  well  of  the  Findlay  field, 
was  finished  about  January  20,  and  simultaneously  with  its  astonishing 
production,  the  gas  of  the  Adams  well  fell  off,  while  the  oil  production 
increased  from  five  to  fifteen  or  twenty  barrels  per  diem.  At  the  present 
time  it  is  an  oil-well  lather  than  a  gas^well,  the  gas  bj..  g  very  much 
obstructed  by  the  oil.  It  was  reported  as  producing  twenty  barrels  quite 
regularly  during  the  latter  part  of  1886.  A  few  boilers  were  still  sup- 
plied from  it  at  this  time.    The  well  is  now  abandoned. 

The  elevation  of  the.  casing  above  mean  tide  is  782.67  feet.  The 
Trenton  limestone  was  found  at  1,188  feet,  or  405.33  feet  below  tide. 

Well  No,  5. .  The  Lima  Road  Well.  This  well  was  drilled  in  July  and 
August,  1885,  the  drilling  occupying  about  thirty  days.  It  was  put 
down  by  the  Findlay  Gas-Light  Company,  W.  M.  Martin  being  the  con- 
tractor. Its  register  closely  agrees  with  the  register  of  the  Adams  well. 
The  upper  limestones  were  350  feet  thick.  The  top  of  the  Trenton  was 
struck  at  l,188i  feet.  The  elevation  of  the  well-head  being  785.90  feet 
above  tide,  the  upper  surface  of  the  Trenton  is  seen  to  be  402.60  feet 
below  tide.  Gas  was  found  in  the  usual  shale  horizons.  In  the  main 
rock,  it  was  first  shown  in  quantity  at  1,194,  again  at  1,200,  and  also  at 
1,208.  The  drilling  was  continued  to  1,215  feet.  In  the  last  bit,  as  was 
thought,  oil  appeared.  The  drilling  was  at  once  suspended,  and  the 
attempt  was  made  to  arrest  the  ascent  of  the  oil,  by  plugging  the  well 
below  the  lowest  gas  vein,  viz.,  at  1,208  feet.  For  a  time  this  was 
effective,  but  at  a  later  date,  oil  of  inferior  quality  came  into  the  well, 
apparently  in  the  gas  horizon,  and  in  connection  with  it,  salt-water. 
The  well  now  brings  up  five  or  six  barrels  of  oil  and  salt-water  each  day, 
and  the^pressure  of  the  gas  is  notably  decreased  thereby. 

Mr.  Martin  estimated  the  original  production  of  this  well  to  be 
about  three-fourths  that  of  the  Adams  well,  or  about  750,000  cubic  feet 
,  per  day.  He  gauged  the  initial  pressure  in  a  rough  way,  by  observing 
the  amount  registered  when  the  wells  were  shut  in  for  one  minute  each. 
By  this  test,  this  well  gave  105  pounds,  against  140  pounds  in  the 
Adams  well.  After  the  well  was  brought  under  control,  it  showed  a 
pressure,  after  being  shut  off  all  night,  of  400  pounds  per  square  inch. 
This,  it  will  be  remembered,  is  the  normal  pressure  of  the  gas  in  the  rock. 
At  a  later  date,  however,  the  morning  pressure  rarely  exceeded  270  lbs., 
and  was  frequently  as  low  as  250  pounds.  In  April,  1886,  the  gauge 
showed  fifty  pounds  pressure  when  the  well  was  shut  off  five  minutes. 
Quantitative  determinations  cannot  be  based  on  these  observations,  but 
the  well  is  obviously  losing  pressure  and  production  to  a  considerable  ex- 
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tent.  Unfortunately  its  oil  has  not  thas  far  been  of  a  quality  to  make 
compensation  for  the  falling  off  in  gas.  Much  of  the  oil  is  burned  on  the 
ground  for  the  sake  of  getting  rid  of  it.  Since  the  preceding  statements 
were  made,  the  well  became  altogether  useless,  and  it  was  accordingly 
decided  to  drill  it  deeper  and  torpedo  it,  to  convert  it,  if  possible,  into 
an  oil-well.  The  shot,  however,  in  connection  with  the  deeper  drilling, 
unlocked  a  flood  of  salt-water,  which  proved  fatal  to  the  well,  and  it  was 
finally  abandoned  in  the  fall  of  1886. 

Well  No,  6.  The  Bamd  WeU.  This  well  was  the  most  southerly  of 
the  series  at  the  time  it  was  drilled.  It  belongs  to  the  Findlay  Gas- 
Light  Company,  and  was  drilled  by  W.  M.  Martin,  in  August,  1886.  It 
is  located  on  the  land  of  E.  Bamd,  Esq.  The  location  was  made  with  re- 
ference to  obtaining  a  supply  of  gas  for  lime  manufacture,  Mr.  Bamd 
having  several  kilns  already  in  operation  on  his  land  at  no  great  diEh 
tance.  Inasmuch  as  this  business  demands  fuel  only  through  the  sum- 
mer months,  the  well  was  connected  with  city  mains,  so  that  all  sur- 
plus could  be  turned  to  account. 

The  register  of  the  well  is  very  nearly  like  that  of  the  preceding. 
The  elevation  of  the  casing  above  tide-water  is  788.81  feet.  The  Tren- 
ton limestone  was  struck  at  1,182  feet,  its  surface  thus  being  393.68  feet 
below  sea-level.    The  upper  limestones  were  334  feet  in  thickness. 

The  line  of  strike  for  this  immediate  district  can  be  approximately 
located  by  the  three  wells  last  described.  They  all  find  the  Trenton  at 
nearly  the  same  level : 

No.  4,  reaching  it  at  (below  tide) 405.88 

No.  6,       '*  "  "         402.60 

No.  6,       "  "  "         893.68 

A  line  drawn  through  Nob.  4  and  6  bean  N.  10}^  W. 

The  Bamd  well  had  the  same  initial  pressure  that  the  Lima  street 
well  showed,  viz.,  105  pounds,  when  the  well  was  shut  one  minute.  It 
had  not  been  invaded  by  oil  or  salt-water  to  any  great  extent,  when 
last  observed  and  it  is  reported  as  maintaining  its  normal  pressure  of 
400  pounds  when  shut  off  for  a  number  of  hours.  It  has  been  a  reliable 
and  valuable  well,  but  the  reports  of  1886  indicate  that  the  salt-water 
is  following  the  gas  quite  closely.  For  this  reason  it  has  been  with- 
drawn from  the  pipe-line,  and  is  used  only  in  the  lime  kilns. 

WeU  No.  7.  The  North  Findlay  WeU.  This  well  was  also  driUed  by 
the  Findlay  Gas-Light  Company,  Mr.  W.  M.  Martin  being  the  con- 
tractor. It  was  put  down  in  September,  1885.  The  elevation  of  the 
casing  above  tide-water  is  776.28  feet.  The  upper  limestones  were  found 
to  be  280  feet  thick.  The  Trenton'  was  struck  at  1,120  feet,  or  341.72 
feet  below  sea-level. 
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The  well  was  finished  at  1,171  feet.  The  flow  of  gas  was  by  far  the 
most  vigorous  that  had  yet  been  found  in  the  field.  After  packing,  the 
pressure  rose  200  pounds  in  forty  seconds,  and  in  a  two-inch  lead  pipe, 
sixty-four  feet  long,  the  open  pressure  was  reported  twenty-five  pounds. 
Mr.  Martin  counted  its  production  fully  twice  as  large  as  that  of  any 
previous  well  in  the  field.  On  the  basis  of  the  open  pressure  reported, 
the  flow  is  8,335,000  cubic  feet  per  day.  It  remains  a  very  vigorous 
and  serviceable  well. 

WM  No.  8.  The  MaUkias  Well.  This  well  was  drilled  for  the  Findlay 
Gas-Light  Company  in  the  fall  of  1885.  It  was  completed  on  November 
6th.  Facts  already  in  hand  led  the  company  to  expect  oil  here  rather 
than  gas,  and  the  well  was  handled  with  this  object  in  view  from  the 
first. 

The  elevation  of  the  casing  above  tide-water  is  783.55  feet.  The 
drift  beds  were  found  twenty-eight  feet  thick  at  this  point.  The  upper 
limestones  were  389  feet  thick.  The  Medina  is  reported  as  thirty  feet 
(red  rock).  The  Trenton  limestone  was  struck  at  1,265  feet,  which 
shows  its  surface  to  be  481.45  feet  below  sea-level. 

At  1,278  some  oil  was  obtained.  At  1,280  a  little  gas  appeared,  and 
at  1,289  salt-water  was  found  coming  in.  The  well  was  drilled  to  1,321 
feet  and  was  torpedoed  at  fifteen  feet  from  bottom  with  a  32-foot  shell| 
containing  100  quarts  of  nitro-glycerine.  The  shell  was  exploded  at 
two  p.  m.  For  the  balance  of  the  afternoon  the  well  flowed  at  the  rate 
of  300  barrels  per  day.  The  tubing  was  put  in  on  Saturday,  the  7th. 
For  the  next  day  the  production  was  at  the  rate  of  about  ten  barrels  per 
hour,  gradually  decreasing,  however,  until  on  Monday  t.he  rate  was 
sixty-five  to  seventy-five  barrels  per  day.  It  soon  settled  down  into  a 
periodically  flowing  well.  Once  in  twenty-four  hours  it  delivered  oil,  its 
established  rate  being  about  thirty-five  barrels  a  day.  It  seldom  misses 
its  production,  but  it  does  not  maintain  extreme  regularity.  There  is 
not  much  gas  produced  between  the  flows.  The  oil  is  of  the  same 
character  with  the  oil  from  Lima,  and  will  be  described  when  that  part 
of  the  field  is  reached.  The  well  was  packed  at  eighty  feet  above  the 
bottom. 

This  was  the  first  oil-well  proper  of  the  Findlay  field,  and  as  such,  its 
history  is  important.  The  development  of  the  oil  field  began  at  this 
time  and  place. 

Wea  No.  9.  The  Putnam  Street  Wdl.  This  well  was  drilled  by  a 
company  of  the  citizens  of  Findlay,  who  associated  themselves  for  this 
single  purpose.  It  was  drilled  in  the  fall  of  1885,  by  W.  M.  Martin, 
contractor. 
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The  location  proved  to  be  an  anfortunate  one,  and  the  well,  though 
not  absolutely  dry,  does  not  appear  to  be  valuable. 
Its  record  is  as  follows : 

Elevation  of  casiiiK  above  sea-level 788.90  feet. 

Thickness  of  upper  limestones 400        " 

Trenton  limestone  struck  at 1^6        ** 

Trenton  limestone,  upper  surface,  below  tide 462.10    '* 

It  is  seen  from  these  facts  that  the  well  is  located  beyond  the  gas 
territory,  and  at  the  bottom  of  the  steep  slope  which  has  already  been 
shown  to  be  so  important  a  factor  in  this  field.  It  might  be  expected  to 
be  an  oil-well,  however.  It  was  torpedoed  with  this  reference,  but 
there  were  no  indications  that  it  would  make  at  the  best  more  than  a 
ten-barrel  pumping  well,  and  consequently  it  ranks  as  a  failure,  the  first 
in  the  Findlay  field.  It  was  drilled  to  1,312  feet ;  at  1,272  salt-water 
came  in  quite  freely.  The  influence  of  the  shot  exploded  in  the  gas- 
rock  of  this  well  upon  other  wells  in  the  vicinity,  has  already  been 
noted,  in  the  account  of  the  Marvin  well,  No*  3. 

The  failure  of  this  well  ought  to  occasion  no  surprise.  The  oil-rock 
is  seen  to  be  at  a  low  level,  and  there  is  nothing  whatever  to  warrant 
the  expectation  that  all  portions  of  it  will  prove  productive.  Thus  far 
every  well  had  yielded  either  gas  or  oil,  and,  therefore,  no  one  was 
prepared  for  failure  here,  but  a  larger  experience  will,  undoubtedly, 
show  other  wells  in  the  same  category  within  the  limits  of  the  Findlay 
field. 

Well  No.  10.  The  Kirk  fVM.  This  well  was  drilled  at  the  flouring 
mill  just  east  of  the  Gas-House  Well  (No.  2),  in  the  fall  of  1886,  the 
single  object  being  to  secure  power  for  the  mill.  It  was  sunk  rapidly 
and  obtained  a  moderate  flow  of  gas.  Though  one  of  the  lighter  wells 
in  production,  it  furnishes  an  ample  supply  for  the  purpose  for  which 
it  was  drilled.  Its  production  has  diminished  considerably  within  the 
last  year. 

The  casing  stands  at  777.15  feet  above  mean  tide,  and  the  record  of 
the  well  is  said  to  be  identical  with  that  of  No.  2,  so  far  as  the  changes 
of  rock  are  concerned.    It  was  drilled  to  a  depth  of  1,171  feet: 

The  later  facts  in  regard  to  it  are  of  interest  enough  to  be  reported. 
The  cost  of  the  well  equipped  for  its  present  service,  was  $1,684.33.  In- 
cluding the  pipe  line,  the  cost  was  $1,800.  This  line  extends  from  the 
flouring  mill  to  the  woolen  mill,  and  to  12  adjacent  houses.  The  supply 
is  not  equal  to  this  entire  demand.  At  the  end  of  the  first  year  it  had  fur- 
nished the  mill  with  $1000  worth  of  fuel,  in  addition  to  the  house  supply 
above  noted.    When  all  is  shut  off  except  the  flouring  mill,  the  pressure 
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does  not  now  rise  beyond  180  lbs.  It  stood  at  230  lbs.  under  like  condi- 
tions one  year  ago.  A  like  redaction  is  understood  to  have  continued 
through  1887.  On  Sundays,  when  the  mill  is  shut  off,  the  well  shows 
the  normal  pressure  of  the  field,  viz.,  400  lbs. 

WeU  No.  11.  The  Altmcm  Well.  This  well  is  located  near  the  Eagle 
Creek  quarries,  on  the  east  side  of  the  town.  It  was  drilled  by  W.  M. 
Martin  for  the  Findlay  Gas-Light  Company,  the  work  being  done  late 
in  the  fall  of  1885.  It  agreed,  in  all  leading  particulars,  with  the  Pioneer 
well,  and  also  with  Nos.  2  and  10.  The  elevation  of  the  casing  above 
tide  is  788.67  feet.  The  limestones  of  the  upper  series  were  found  250  feet 
thick.  The  Trenton  limestone  was  reached  at  1,090  feet,  according  to 
the  record.  This  measurement  shows  the  Trenton  to  lie  a  little  closer 
to  the  surface  here  than  at  any  other  point  in  the  field,  viz.,  at  806.38 
feet  below  tide-water.  The  well  is,  also,  by  a  trifle,  the  shallowest  of  the 
entire  series  thus  far  drilled,  the  bottom  being  1,142  feet  from  the  sur- 
face of  the  ground. 

The  gas  is  used  for  power  in  pumping  and  drilling  in  the  quarries, 
and  the  surplus  is  turned  into  the  city  mains.  It  is  a  moderate  well,  its 
flow  being  estimated  about  the  same  as  that  of  the  Barnd  well  and  of 
the  Lima  Road  well  in  its  best  days. 

Well  No.  12.  The  Briggs  Well.  This  well  was  estimated  to  be  third, 
or,  perhaps,  second  in  production  in  the  series  so  far  drilled.  It  is  situa- 
ted on  the  north  side  of  the  river,  nearly  opposite  the  mouth  of  Eagle 
Creek,  and  on  the  line  of  the  Toledo  and  Southern  Railway.  It  was 
drilled  to  supply  power  to  the  works  of  the  Briggs  Edge-tool  Company, 
the  first  enterprise  of  importance  to  be  established  in  Findlay  to  secure 
the  advantages  of  the  new  fuel.  The  contractors  who  drilled  the  well 
were  Baker  and  Marvin.  The  well  was  brought  in  about  the  middle  of 
January,  1886,  and  only  three  days  before  the  famous  Karg  well  reached 
its  enormous  flow.  For  this  brief  interval  it  was  in  first  rank  in  pro- 
duction among  the  Findlay  wells. 

The  **  sulphur  vein"  of  gas,  here  found  at  746  feet,  is  separated  by 
packing  from  the  main  vein.  This  is  the  only  well  that  has  been  treated 
in  this  way.  No  advantage  is  apparent  in  this  practice,  and  it  entails 
some  additional  expense.  This  upper  vein  proves  quite  vigorous.  An 
anemometer  measurement  taken  on  April  18,  showed  its  daily  volume 
to  be  223,200  cubic  feet,  and  the  entire  production  was  not  included. 

The  elevation  of  the  well-head  is  779.17  feet  above  tide.  The  depth 
of  the  well  is  reported  at  1,164  feet,  but  the  exact  depth  of  the  gas-rock 
cannot  be  given.  It  was  very  near  1,100  feet.  The  record  was  regular 
and  normal  in  all  particulars.    The  outflow  of  gas  from  the  Trenton 
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rock  is  large  and  constant.    Measurements  executed  on  April  18,  1886, 
made  the  well  third  in  the  list  of  Findlay  wells,  and  it  is  but  little  be- 
hind the  Cory  well,  which  was  second  at  that  time. 
Its  production  is  as  follows  : 

Main  vein 2,103,840  cabic  feet. 

Sulphur  vein 223,200      " 

Total 2,327,040      "        " 

There  is  a  small  addition  to  be  made  for  the  unrecorded  balance  of 
the  upper  vein. 

Well  No.  13.  The  Karg  Well.  The  well  that  we  now  reach  in  our 
review  is  not  only  first  by  a  long  interval  in  the  Findlay  field,  but  it  is 
as  decidedly  the  greatest  gas-well  of  recent  years  in  Ohio.  (These  state- 
ments were  made  before  the  Van  Buren  well  was  drilled.  It  has  proved 
to  be  a  somewhat  larger  well  than  the  Karg.)  Whether  any  well  equal 
to  it  has  ever  been  found  in  the  state  is  a  question.  According  to 
the  accounts  that  come  to  us  of  the  first  Nefif  well,  which  was  drilled 
in  the  northwest  corner  of  Coshocton  county,  there  must  have  been 
an  enormous  flow  of  gas  from  it  for  a  considerable  time.  Other  large 
outflows  have  been  struck  in  the  southeast  quarter  of  Ohio  from. time 
to  time,  in  early  years  in  the  search  for  brine,  latterly  in  the  search  for 
petroleum  and  for  gas,  but  we  have  no  measurements  nor  even  care- 
ful estimates  from  any  of  these  sources. 

The  Karg  well  has  given  to  a  great  number  of  people  their  first  and 
only  experience  of  a  high-pressure  gas-well  of  the  first  class.  It  is 
exceptionally  well  located  for  this  purpose.  It  is  situated  in  a  thriving 
county  town,  which  is  crossed  by  three  lines  of  railroads,  the  well  itself 
being  within  a  few  hundred  feet  of  the  most  important  station.  Find- 
lay had  already  become  famous  for  its  supply  of  natural  gas  before  this 
great  volume  was  unlocked.  As  many  as  8,000  people  are  said  to  have 
gathered  in  a  single  day  to  see  the  strange  spectacle  that  the  pioneer 
well  presented,  but  the  Karg  well  so  far  surpasses  these  early  outflows 
that  they  seem  insignificant  beside  it. 

The  attention  it  has  attracted  corresponds  to  its  volume.  The  roar 
of  the  burning  well  can  be  heard  for  two  or  three  miles,  and  its  light 
can  be  seen  for  thirty-five  or  forty  miles  on  all  sides.  Excursions  are 
organized  from  adjacent  cities  and  towns,  and  manufacturers  and  cap- 
italists have  been  led  in  from  distant  localities.  It  has  done  more  to 
give  standing  to  the  new  field  than  all  the  other  elements,  for  here  is 
seen  a  well  whose  volume  and  energy  are  fairly  comparable  with  the 
great  wells  that  supply  Pittsburgh  and  other  points  in  western  Penn- 
9  G. 
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sylvania.  If  inferior  to  some  of  them  in  daily  production  it  still  belongs 
in  the  same  class  with  them. 

Measurements  executed  for  the  Survey  by  Professor  S.  W.  Robinson, 
of  the  Department  of  Mechanical  Engineering  in  Ohio  State  University, 
show  the  Karg  well  to  be  producing  each  day  12,080,000  cubic  feet  of 
gas  from  a  4-inch  pipe.  The  gas  seems  quite  dry,  but  a  little  oil  appears 
along  the  lines  of  pipe  which  convey  it. 

The  well  was  begun  in  December,  1885,  by  the  Findlay  Gas-Light 
Company,  Mr.  W.  M.  Martin  being  the  contractor.  The  work  of  drilling 
proceeded  without  interruption,  only  twenty-four  days  being  used  to 
the  end,  the  gas-rock  being  reached  at  a  depth  of  1,118  feet.  The  casing 
stands  at  771.08  feet  above  tide,  the  well  being  located  in  the  valley 
and  upon  the  bank  of  Blanchard  River.  The  Trenton  limestone  is  seen 
to  be  347  feet  below  tide.  The  drift  was  found  twenty-four  feet  thick, 
and  in  fact  the  derrick  was  moved  once  before  the  rock  was  reached,  on 
account  of  a  bowlder  found  in  the  way.  The  flow  of  gas  from  the  top  of 
the  rock  was  not  important,  but  at  1,132,  and  also  at  1,138  feet,  large 
accessions  were  made.  The  drill  went  down  a  few  feet  further  without 
interruption,  but  at  1,144  feet,  or  at  a  depth  of  twenty-six  feet  in  the  lime- 
stone, an  enormous  volume  was  unlocked,  against  which  the  drill  was 
powerless  to  advance.  The  last  cuttings  were  brought  up  by  the  current 
in  good-sized  fragments,  which  are  very  porous  and  highly  crystalline. 

Well  No.  14.  The  McManness  Well.  This  well  was  drilled  on  Craw- 
ford street  to  supply  the  oil-mill  of  McMannees  and  Seymour.  The 
drilling  was  done  by  Baker  and  Marvin  in  February,  1886.  It  was 
begun  on  the  first  of  the  month,  and  was  finished  in  nineteen  drilling 
days.  The  usual  sulphur  vein  at  700  ft.  was  found.  The  lower  limestone 
was  reached  at  1,120.  The  drill  was  stopped  at  1,146  feist.  The  supply 
is  abundant,  the  gauge  standing  steady  at  370-390  pounds  after  all  that 
the  mill  requires  is  used.  The  height  of  casing  above  sea-level  is  782.94 
feet.  The  top  of  the  Trenton  limestone  is  337.06  below  sea-level,  accord- 
ing to  the  facts  reported  as  to  depth. 

Well  No.  15.  The  Cory  Well.  This  well  is  the  first  drilled  by  the 
North  Findlay  Gas  and  Oil  Company.  It  is  located  on  the  Defiance 
road,  and  a  little  more  than  2,000  feet  due  north  of  the  Karg  well.  It 
was  drilled  in  March,  1886,  by  E.  C.  Taylor,  contractor.  The  height 
of  the  well-head  above  the  sea  is  781.33  feet.     Its  register  is  as  follows : 

Drift— blue  clay 36  feet. 

Upper  limeetone— Niagara  limestone,  16(K;  Niagara  shale,  9(K; 

Clinton  limestone,  70' ; 250  feet. 

Casing  set 298    " 

Trenton  limestone  found 1,132    '^ 

Well  finished  at 1,186    " 
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The  Trenton  limestone  is  350.16  feet  below  tide. 

The  gas  came  gradually  from  eight  feet  below  the  surface  of  the  Tren- 
ton for  forty  feet.  There  was  at  no  point  any  extraordinary  accession, 
but  the  volume  grew  steadily  with  every  blow  of  the  drill. 

The  Cory  Well  appeared  to  stand  second  in  the  list  of  Findlay  wells 
at  the  time  of  its  completion.  Measurements  taken  on  April  18,  1886, 
made  its  daily  product  2,471,040  cubic  feet.  This  puts  it  a  little  in  ad- 
vance of  the  Briggs  well,  but  the  two  are  very  nearly  identical  in  daily 
production.  It  has  since  been  purchased  by  the  city  for  the  public 
supply. 

Well  No.  16.  The  Jmes  Well.  This  well  was  drilled  for  E.  P.  Jones, 
Esq.,  in  March,  1886,  by  Baker  and  Marvin.  It  is  located  on  Crawford 
street,  and  but  a  short  distance  west  from  Main.  It  is  designed  to 
supply  power  for  works  that  can  occupy  the  planing-mill  on  the  premises. 

The  register  of  the  well  is  as  follows  : 

Elevation  above  tide-water 788.69  feet. 

Drift 8  " 

Upper  limestone  about 276  " 

Caaed  at 287  " 

Trenton  limestone  struck  at 1,112  " 

Depth  of  Trenton  below  tide-water 828.81  " 

Light-colored,  hard  rock  struck  at '. 1,121  " 

Continued  to 1,141  " 

Gas  not  abundant  until 1,141  " 

Gas  increased  for  twenty  feet 1,160  " 

Depth  of  welL 1,170  « 

The  flow  of  this  well  was  tested  before  the  drilling  was  entirely 
finished,  by  the  anemometer,  and  the  daily  yield  was  found  to  be  707,933 
cubic  feet  per  day.  A  week  after  it  was  completed  the  flow  was  found 
to  be  1,119,200  cubic  feet.  A  third  measurement  several  weeks  after  the 
second  gave  the  same  result,  exactly. 

WeU  No.  17.  Ihe  MaUhias  Well,  No,  2,  or  The  Cemetery  WeU.  This 
well  is  located  nearly  due  north  of  the  Matthias  No.  1.  It  was  drilled 
for  oil,  and  was  brought  in  successfully  on  the  10th  of  April,  1886.  The 
well-head  is  782.16  feet  above  the  sea.  The  Trenton  limestone  was  struck 
at  1,252  feet.    The  limestone  is  thus  seen  to  be  470  feet  below  sea-level. 

The  well  was  cased  at  420  feet  a  little  below  the  upper  limestones. 
The  Medina  shale  (red  rock)  was  found  at  460  feet.  The  upper  portion 
of  the  Trenton  proved  soft  and  sandy  for  this  rock. 

Outside  of  Findlay,  but  in  the  immediate  neighborhood,  a  well  was 
drilled  in  the  fall  of  1885  for  the  Trenton  Rock  Oil  Company,  by  W.  M. 
Martin.  The  well  was  located  on  the  Firmin  farm,  a  mile  or  more 
northwest  of  Findlay.  The  elevation  of  the  well-head  is  about  the  same 
i^s  the  wells  already  reported,  viz.,  780  to  790  feet  above  tide.    The  upper 
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limestones  were  found  440  feet  thick.  At  470  feet,  the  red  Medina  shale 
was  struck.  It  continued  thirty  feet.  At  1,260  feet  or  450  to  460  feet 
below  tide,  the  Trenton  limestone  was  reached.  At  1,266,  a  little  gas 
was  reported,  and  at  1,270  a  small  vein  of  salt-water.  A  little  oil  came 
in  at  1,276  and  a  heavy  vein  of  salt-water  at  1,288  feet.  '  At  1,290  feet  a 
little  more  oil  appeared.  The  well  was  finished  at  1,334  feet,  but  it  was 
&  complete  failure. 

A  list  of  the  wells  of  the  Findlay  field  complete  to  April  1886  is 
herewith  given : 


2 
a 

0 

55 


HeiKLt  of 
casing. 


Trenton 
limestone 
below  tide. 


Depth  of 
well. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 


East  Findlay 

Gas-works 

Marvin 

Adams 

Lima  street 

Bamd 

North  Findlay 

Matthias,  No.  1 

Pntnam  street,  dry.. 

Kirk 

Altman 

Briggs 

Karg 

McMannesB 

Oory 

Jones 

Matthias,  No.  2 

Taylor 


779.44 
776.70 
778.87 
782.67 
786.90 
788.81 
776.28 
788.66 
788.90 
777.16 
788.67 
779.17 
771.08 
782.94 
781.88 
788.69 
782.16 
788.62 


812.66 

314.60 

346.13  ? 

406.33 

402.60 

393.68 

341.72 

481.46 

462.10 

814.60 

306.83 

380.  ? 

846.92 

837.06  ? 

860.16 

828.81  ? 

469.84 

480.00 


1,648 

1,200 

1,166 

1,207 

1,215 

1,226 

1,171 

1,821 

1,312 

1,171 

1,142 

1,176  ? 

1,144 

1,146 

1,186 

1,170 

1,314 

1,280 


From  this  table  it  will  be  observed  that  but  one  out  of  seventeen  wells 
had  proved  unproductive  up  to  this  time.  The  territory  was  thus  shown 
to  be  unusually  reliable. 
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Production  of  the  Eield. 

The  total  gas  production  of  the  wells  at  this  date  was  about  25,000,- 
000  cubic  feet  per  day,  as  commonly  counted.  It  is  not  to  be  understood, 
however,  that  this  entire  amount  was  at  any  time  available  for  actual 
use.  The  measurements  were  made  from  the  initial  and  presumably 
the  largest  production  of  the  wells,  and  also  were  made  at  the  well-heads, 
and  often  from  the  casing  at  that.  When  the  wells  are  packed  and 
tubed  with  smaller  pipe,  and  especially  when  the  gas  is  conveyed  by 
the  distributing  lines  through  the  town,  a  considerable  reduction  is  en- 
countered, no  record  of  which  is  found  in  these  reports.  The  loss  from 
transportation  is,  however,  less  in  Findlay  than  at  most  other  points, 
the  wells  being  at  the  doors.  Such  measurements  are,  however,  valuable 
in  showing  the  normal  energy  and  productiveness  of  a  field. 

But  counted  in  any  way,  the  production  of  Findlay  gas  was  up  to 
this  time  vastly  in  excess  of  all  the  demands  of  the  town.  A  tenth  or 
twentieth,  even,  of  the  supply  would  have  been  ample  for  every  use  for 
the  year  1886. 

Obtained  as  it  was  in  enormous  volume  and  at  insignificant  ex- 
pense and  with  no  signs  of  reduction  or  failure  apparent,  and  especially 
falling  into  the  possession  of  a  community  entirely  without  experience 
as  to  the  nature  of  petroliferous  supplies,  a  very  reckless  mode  of  use 
was  introduced,  to  which  was  added  a  more  reckless  and  even  an  unpar- 
donable waste.  There  were  several  months  in  the  early  part  of  1886  in 
which  not  less  than  18,000,000  cubic  feet  of  the  best  fuel  known  to  man 
were  blazing  into  the  air  every  day  in  and  around  Findlay.  The  Karg 
well  is  responsible  for  a  large  part  of  this  loss.  Its  great  volume  made 
it  hard  to  subdue,  and  this  fact  furnishes  some  excuse  for  the  enormous 
drain  that  it  inflicted  on  the  stock  of  the  Findlay  reservoir  during  the 
four  months  that  it  was  uncontrolled.  The  total  loss  to  the  field  from 
this  single  source  cannot  be  less  than  1,500,000,000  cubic  feet  of  gas. 

The  progress  of  Findlay  and  its  new  interests  since  the  date  above- 
named  has  bqen  remarkable.  This  progress  has  not  consisted  so  much 
in  unlocking  more  gas  from  its  great  reservoir,  though  several  new  wells 
have  been  brought  in,  as  in  utilizing  what  had  already  been  secured.  In 
this  short  interval,  the  town  has  become  an  important  manufacturing 
center.  Its  growth  has  been  in  a  measure  proportioned  to  its  unparalleled 
supply  of  fuel,  and  it  is  still  going  forward  on  a  very  large  and  promis- 
ing scale. 

Struotube  of  the  Field. 

It  is  not  counted  necessary  to  follow  further  the  records  of  individual 
wells,  except  in  cases  of  unusual  ones.    The  laws  of  the  field  are  to  be 
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found  in  the  figures  already  given,  and  the  new  experience  is  mainly 
within  the  limits  of  the  first  tests.  Dry  gas  comes  from  the  Trenton 
limestone  when  it  holds  a  level  of  312  feet  below  tide  to  something  be- 
low 360  feet  below  tide.  The  original  level  of  dry  gas  reached  down  to 
400  feet  below  tide,  but  this  lower  portion  of  the  rock  has  been  overrun 
with  oil  or  with  oil  and  salt-water.  The  strongest  wells  obtain  their  gas 
from  330  to  350  feet  below  tide.  The  oil  level,  on  the  other  hand,  extends 
from  400  feet  to  nearly  500  feet  below  tide.    The  latter  level  is  the  down- 
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ward  limit  or  dead-line  in  the  field,  below  which  nothing  of  value  is 
found.  Salt-water  rises  in  this  outside  territory  to  within  100  or  200 
feet  of  the  surface  and  sometimes  it  even  overflows.  The  greatest  oil 
production  is  found  at  460  to  480  feet  below  tide. 

The  geological  structure  of  Findlay  also  comes  out  to  view  in  the 
same  sets  of  figures.  Two  terraces  of  Trenton  limestone,  separated  by  an 
interval  of  150  feet,  are  seen  to  be  connected  by  a  steep  slope,  on  the  edge 
of  which  the  Karg  well  is  located,  and  half-way  down  the  Adams  and 
Barnd  wells  are  found.  These  facts  are  represented  in  the  accompany- 
ing diagram,  in  which  an  accurately  drawn  section  from  the  gas-works 
well  to  the  Karg  well,  No.  2,  is  shown.  The  latter  is  an  oil-well  of 
moderate  capacity.  From  the  Karg  well.  No.  1,  to  Karg,  No.  2,  the  de- 
scent of  the  Trenton  is  121  feet,  the  elevations  of  the  surface  being 
the  same,  and  the  distance  between  them  being  but  little  more  than 
1,200  feet. 

Composition  and  Uses  of  Findlay  Gas. 

The  question,  what  is  natural  gas,  is  as  hard  to  answer  as  the  ques- 
tion, what  is  coal.  Both  substances  sweep  through  a  wide  range  of 
chemical  composition,  without  losing  their  names.  The  fire-damp  of 
the  mine  is  natural  gas;  so,  also,  are  the  inflammable  gases  arising  from 
the  decomposition  of  organic  matter. 

The  gas  released  by  the  drill  from  its  rock  reservoirs  consists  largely 
of  what  is  commonly  known  as  marsh  gas  or  light  carburetted  hydrogen, 
the  chemical  composition  of  which  is  expressed  by  the  notation  CH4. 
But  with  the  marsh  gas  are  varying  proportions  of  numerous  other 
simple  and  compound  gases,  including  the  elements  of  the  atmosphere, 
The  best  analyses  of  Pennsylvania  gas  are  those  of  Mr.  S.  A.  Ford, 
chemist  of  the  Edgar  Thompson  Steel  Works.  They  have  been  widely 
quoted,  as  they  deserve  to  be,  on  account  of  the  surprising  and  impor- 
tant character  of  the  information  that  they  furnish. 

They  prove  that  the  gas  in  use  at  Pittsburgh  is  unstable  in  compo- 
sition, and  that  no  one  analysis,  however  accurate,  would  do  any  justice 
to  the  facts. 

Its  composition,  as  determined  by  the  average  of  six  analyses,  (1) 
is  given  by  Mr.  Ford  as  follows :  the  composition  of  three  of  the  samples 
is  also  added,  (2),  (3)  and  (4),  to  show  the  range : 
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Marsh  gas 

Hydrogen 

Ethylic  hydride 

defiant  gas 

Oxygen 

Carbonic  oxide. 
Carbonic  acid..~. 
Nitrogen 


1 

2 

8 

67.00 

49.58 

57.85 

22.00 

85.92 

9.64 

6.00 

12.30 

5.20 

1.00 

0.60 

0.80 

.80 

0.40 

2.10 

.60 

0.40 

1.00 

.60 

0.40 

0.00 

8.00 

0.00 

23.41 

75.16 
14.45 
4.80 
0.60 
IJtO 
0.80 
0.80 
2.89 


The  samples  were  taken  from  the  same  well  on  different  days  of 
two  months.  Such  variability  would  be  expected  to  produce  more 
irregularity  in  use  than  has  been  reported.  It  must  certainly  be  an 
advantage  to  the  user  to  adjust  the  supply  to  the  work  to  be  done,  and 
to  know  that,  aside  from  the  influence  of  atmospheric  changes,  he  can 
be  sure  of  his  result. 

This  advantage  of  constancy  of  composition  belongs  to  the  gas 
derived  from  the  new  horizon.  Findlay  gas  was  first  accurately  analyzed 
by  Prof.  C.  C.  Howard,  for  the  Ohio  Geological  Survey,  in  1886.  Its 
composition  was  found  to  be  as  follows : 

Marsh  gas 92.61 

defiant  gas 0.30 

Hydrogen.. 2.18 

Nitrogen  3.61 

Oxygen 0.84 

Carbonic  acid .* 0.26 

Carbonic  oxide 0.50 

Sulphuretted  hydrogen 0.20 

After  an-  interval  of  several  months  a  new  analysis  was  made,  and 
the  figures  were  found  to  agree  with  those  previously  obtained  within 
the  limits  of  error  involved  in  the  processes  themselves.  More  significant 
still  are  the  results  of  Professor  Howard's  re-determination  of  Findlay 
gas,  for  the  United  States  Geological  Survey,  in  the  summer  of  1887.  To 
these  results,  which  agree  as  closely  as  could  be  desired  with  the  figures 
originally  obtained,  are  added  the  composition  of  Fostoria  gas,  St. 
Mary's  gas,  and  the  gas  of  four  well-known  centers  of  production  in  the 
Indiana  field,  viz.,  Muncie,  Anderson,  Kokomo  and  Marion.  The  very 
important  fact  is  brought  to  light  that  all  of  this  production  is  of  one 
piece.    The  differences  in  results  would  all  be  included  within  the  limits 
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of  error  in  the  processes,  and  as  wide  a  range  could  bs  obtained  from 
analyzing  one  and  the  same  specimen  of  gas. 
The  figures  are  given  below  : 


1 

2 

8 

4 

6 

6 

7 

Hydrogen 

Marsh  ffafl 

1.89 
92.84 
.20 
.66 
.20 
.86 
8.82 
.16 

1.64 
93.86 
.86 
.41 
.26 
.39 

8.41 
.20 

1.74 
93.86 
.20 
.44 
.28 
.86 

2.98 
.21 

2.36 
92.67 
.26 
.46 
.26 
.86 
3.68 
.16 

1.86 
93.07 
.49 
.73 
.26 
.42 

8.02 
.16 

1.42 
94.16 
.80 
.66 
.29 
.80 

2.80 
.18 

1.20 
93.68 

Oleflantgaa 

Oarbonic  oxide 

.16 

.60 

Carbonic  acid 

Oxvuren 

.80 

.66 

^^■^Jo**" 

8.42 

Salphuretted  hydrogen 

.20 

100.00 

1.  Fostoria. 

2.  Findlay. 
8.  St.  Mary's. 
4.  Mancie. 


6. 

6. 
7. 


Anderson. 

Kokomo. 

Marion. 


These  are  remarkable  and  instructive  results.  From  one  end  of  the 
new  field  to  the  other  the  composition  of  the  gas  is  the  same,  and  all 
the  popular  judgments  as  to  dififerencs  in  this  or  that  particular  are 
seen  to  be  baseless.  Such  constancy  is  as  surprising  in  the  light  of  the 
experience  of  other  fields  already  alluded  to,  as  it  is  desirable. 

The  specific  gravity  of  the  gae,  as  calculated  by  Prof.  Howard,  on 
the  basis  of  the  first  Findlay  analysis,  is  .566,  or  practically  .57.  In  one 
hundred  cubic  feet  there  are  125.8  grains  of  .sulphur. 

The  one  main  element  of  value  in  natural  gas  is  its  heating  power. 
It  supplies  light  also  to  some  extent,  but  its  value  is  less  for  this  use. 
Like  all  other  heat  and  light  and  power  that  man  is  able  to  use,  this  is 
undoubtedly  originally  derived  from  the  sun  through  the  agency  of  life. 
We  know  no  other  source  of  such  accumulations. 

The  heat  of  natural  gas  depends  upon  its  chemical  composition,  and 
varies  with  every  change  in  composition. 

The  most  careful  statements  as  to  the  heating  pDwer  of  Pennsylvania 
gas  are  those  prepared  by  Mr.  S.  A.  Ford,  on  the  basis  of  the  analyses 
already  reported.  Professor  Lesley  has  summarized  these  resnlts  in  the 
last  annual  report  of  the  Pennsylvania  Geological  Survey,  and  his  re- 
sults are  adopted  here.  ^ 
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The  theoretical  value  of  1,000  feet  of  Pittsburgh  gas  (average  com- 
position given  above)  is  210,069,604  heat  units.  But  1,000  cubic  feet  of 
gas  weigh  thirty-eight  pounds  avoirdupois.  The  theoretical  value  of 
this  amount  (thirty-eight  pounds)  of  pure  carbon  is  139,398,869  heat 
units.  The  heat  units  of  1,000  feet  of  gas  will  be  found  on  the  basis  of 
these  figures  to  be  equal  to  67.25  pounds  of  carbon,  or  67.97  pounds  of  coke, 
or  64.40  pounds  of  bituminous  coal,  or  68.40  pounds  of  anthracite  coal.  If 
Connellsville  coke  is  worth  $2.50  per  ton,  1,000  cubic  feet  of  Pittsburgh 
gas  has  a  fuel  value  of  7.8  cents.  If  Pittsburgh  coal  is  worth  $1.25  per 
ton,  the  fuel  value  of  1,000  feet  of  Pittsburgh  gas  is  3J  cents.  One  ton  of 
Pittsburgh  coal  is  theoretically  equal  to  86,764  cubic  feet  of  Pittsburgh 
gaa. 

Professor  Howard  has  applied  calculations  of  the  same  sort  as  those 
above  given  to  Findlay  gas,  and  the  following  results  are  given : 

One  ton  of  Pittsburgh  coal  is  theoretically  equal  to  31,086  cubic  feet 
of  Findlay  gas.  The  heat  units  of  the  gas  aggregate  228,461,113  to  the 
1,009  cubic  feet.  The  theoretical  value  of  1,000  cubic  feet  of  the  gas  is 
8.9  cents,  when  Pittsburgh  coal  is  worth  11.26. 

In  the  preceding  calculations,  it  will  be  observed  that  theoretical 
values  only  are  discussed.  The  practical  advantage  in  the  use  of  gas  is 
much  greater  than  the  figures  above  given  would  lead  us  to  expect.  In 
burning  coal  a  large  part  of  the  possible  heat  is  lost  in  various  ways. 
In  burning  gas  there  is  a  much  greater  economy  of  heat  possible. 

Theoretically  one  pound  of  Pittsburgh  coal  is  equal  to  eighteen  and 
one-third  feet  of  Pittsburgh  gas,  but  it  has  been  determined  by  carefully 
conducted  experiment,  that  seven  and  one-half  feet  of  gas  are  practically 
equal  to  one  pound  of  coal.  Findlay  gas  will  give  somewhat  better  re- 
sults than  this.  Less  than  seven  cubic  feet  of  gas  will  do  the  work  of 
one  pound  of  Pittsburgh  coal,  or  less  than  14,000  cubic  feet  of  gas  are 
practically  equal  to  one  ton  of  Pittsburgh  coal. 

Trenton  limestone  gas  is  thus  seen  to  be  one  of  the  most  valuable 
fuels  known  to  man.  The  reckless  use  and  especially  the  wanton  waste 
of  it  are  little  less  than  a  crime  against  the  state. 

The  gas  is  admirably  adapted  to  domestic  use,  the  only  drawback 
being  the  small  proportion  of  sulphuretted  hydrogen  that  it  contains. 
It  answers  a  fair  purpose  for  household  and  street  illumination,  but  in 
these  respects  it  leaves  something  to  be  desired.  It  reaches  its  highest 
adaptations  in  iron-working  and  in  glass  manufacture,  and  also  in  steam 
production.  For  lime-making  and  brick-burning,  it  is  also  excellently 
adapted.  These  points  will  be  brought  out  in  the  subsequent  accounts 
of  these  special  interests. 

It  is  obvious  that  where  natural  gas  can  be  obtained  as  abundantly*. 
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as  certainly  and  at  as  little  outlay  as  at  Findlay,  neither  individuals 
nor  corporations  will  be  allowed  to  make  a  monopoly  of  it  or  gain  any 
undue  advantage  from  its  general  use. 

The  pioneer  company  that  discovered  the  gas  proceeded,  as  soon  as 
practicable,  to  pipe  the  town  and  sell  the  product  of  their  well  to  the 
citizens.  The  rates  that  they  fixed  were  by  no  means  exorbitant  or 
unreasonable,  considering  the  elements  involved.  When  the  Gas- Light 
and  Coke  Company  that  was  engaged  in  the  manufacture  of  artificial  gas 
in  the  town  had  followed  the  lead  of  the  Natural  Gas  Company,  and  had 
obtained  a  flow  of  gas  equal  to  that  of  well  No.  1,  they  proceeded  at  once 
to  turn  it  into  the  pipes  that  had  been  laid  for  the  artificial  supply,  and 
to  sell  it  for  light  and  heat,  an  unwelcome  intrusion  upon  the  field  that 
the  new  company  had  mapped  out  for  itself.  The  gas-light  company  found 
it  necessary  to  greatly  extend  its  lines,  and,  in  fact,  to  lay  an  altogether 
new  set,  and  presently  the  town  was  piped  by  both  companies,  all  the 
main  streets  carrying  double  lines.  A  measure  of  competition  was 
secured  by  this  arrangement,  but  one  company  was  financially  weak, 
and  growing  weaker,  while  the  other  was  strong  and  gathering  strength 
all  the  time.  The  end  is  easy  to  be  seen.  The  Natural  Gas  Company 
was  absorbed  by  the  Gas-Light  and  Coke  Company,  and  the  work  of 
extending  mains  and  drilling  new  wells  went  on  rapidly  on  every  side 
under  a  single  control.    The  following  rates  for  gas  were  established  : 

For  cooking  stoves $1.00  per  month. 

For  heating  stoves.. $1.60  per  month. 

For  grates $2.00  to  $2.60  per  month. 

For  house  lights.. 16  to  SO  cents. 

For  boilers from  $160  upwards  per  year. 

For  lime-kilns $100  per  year. 

These  rates  would  not  elswhere  be  counted  unreasonable,  but  it  was 
apparent  that  the  company  would,  if  allowed  to  go  on  without  check,  ul- 
timately secure  large  returns  on  its  investments.  Fortune  gave  to  this 
company  the  Karg  well  whose  volume  was  many  times  that  of  all  the 
earlier  wells  combined. 

The  cry  of  monopoly  was  raised,  and  complaint  was  made  as  to  the 
established  rates.  The  demand  began  to  be  heard  that  the  city  govern- 
ment should  drill  wells  and  itself  undertake  the  supply. 

It  was  finally  brought  about,  by  act  of  the  Legislature,  that  the 
question  of  bonding  the  town  for  $60,000,  to  be  used  in  drilling  wells 
and  in  supplying  gas  to  the  citizens,  should  be  submitted  to  the  vote  of 
the  people.  This  election  was  forthwith  ordered  and  the  result  was 
what  could  be  expected  under  the  circumstances.  The  proposition  was 
carried  by  a  very  large  majority  and  the  city  council  entered  upon  its 
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new  duties.  The  Gas-Light  Company  undertaking  to  defend  what  it 
counted  its  rights  by  appeals  to  the  courts,  found  no  ground  on  which  it 
could  make  its  resistance  effective,  and  a  third  line  of  gas  pipes  was  laid 
through  the  principal  streets  of  the  city.  After  the  streets  were  piped 
in  part,  the  work  of  drilling  wells  was  begun.  The  first  city  well  was 
located  about  1,000  feet  from  the  great  Karg  well.  The  expectation 
seemed  to  be  that  it  would  share  the  flow  of  irs  wonderful  neighbor,  but 
this  did  not  prove  true.  The  well  was  of  quite  a  common-place  character. 
The  well  was  completed  about  the  middle  of  November,  1886.  Its  record 
was  normal  in  most  respects.  It  found  the  Trenton  limestone  at  1.108 
feet,  or  338  feet  below  tide.  The  rock  where  first  struck  was  dark  and 
porous.  In  fact,  it  looked  as  if  it  had  been  already  drained  of  its  stores. 
The  well  was  carried  to  1,176  feet  in  depth,  and  the  gas  supply  was 
decidedly  weak.  A  torpedo  was  introduced,  the  first  to  be  used  in  a 
Pindlay  gas-well,  and  the  flow  was  greatly  improved  thereby.  The  well 
was  measured  on  November  27,  and  its  daily  yield  was  found  to  be 
1,179,619  cubic  feet  per  day.  This  well  was,  however,  large  enough  to 
meet  all  immediate  demands  of  the  city,  service.  For  three  days  the 
whole  plant  was  dependent  on  it,  and  the  pressure  was  redi^ced  but  few 
pounds  thereby. 

The  second  well  had  better  fortune.  The  effort  was  made  to  so  locate 
it  between  proved  wells  that  failure  should  be  impossible.  The  effect 
was  successful  to  the  extent  of  securing  an  excellent  well.  This  well 
was  also  torpedoed,  a  sixty-quart  shot  being  used  in  it  with  good  effect. 
The  open  pressure  in  the  three-inch  pipe  was  reported  by  the  manager 
to  be  fourteen  and  one-half  pounds.  This  would  show  the  yield  of  the 
well  to  be  5,557,830  cubic  feet  per  day.  The  city  also  bought  an  excel- 
lent well  that  had  been  drilled  on  the  north  side  of  the  town,  the  Cory 
well,  and  that  was  suitably  situated  for  the  supply  of  this  district. 

A  fourth  well  has  since  been  drilled  by  the  city  in  East  Findlay. 
Its  volume  is  small. 

The  city  supply  was  now  far  in  excess  of  the  largest  possible  de* 
mands.  The  schedule  of  prices  fixed  by  the  council  was  in  substance 
made  by  dividing  the  old  rates  by  two.  In  fact,  the  new  rates  were  less 
than  half  of  those  previously  in  force.    The  new  rates  were  as  follows : 

Oooking  stoves 60  cents  per  month. 

Heating  stoves,  one 50         "  " 

three.. 30 

For  two  gas  jets  (Ught) 10         "  " 

For  eightgas  lets 30         "  " 

The  Gas-Light  Company,  in  its  turn,  divided  the  new  schedule  by 
two,  as  its  own  schedule  had  been  previously  halved.    But  the  end  was 
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not  yet  reached.  When  the  city  rates  were  brought  down  to  those  of 
the  company,  the  latter  promptly  made  a  new  reduction  to  15  cents  per 
stove.  To  this  point  a^ain,  the  city  followed  and  the  company  was  pro- 
posing the  new  rate  of  5  cents  per  stove.  With  the  reduction  already 
effected  the  cost  of  fuel  and  light  had  virtually  disappeared  from  the 
householder's  expenses  in  this  favored  town.  All  the  heat  required  for 
a  cooking  stove  for  a  year  could  be  got  for  $1.80,  and  there  were  very 
likely  discounts  from  this  amount. 

The  strife  between  the  company  and  municipal  corporation  involved 
some  interesting  and  important  questions  in  the  science  of  government. 
The  company  was  taxed  to  raise  funds  with  which  its  own  business 
was  to  be  assailed  and  broken  down.  Fortunately,  under  the  wonderful 
tide  of  prosperity  which  has  visited  Findiay,  the  danger  has  been  averted, 
and  the  questions  in  dispute  have  been  brought  to  an  end  by  the  pro- 
spective sale  of  the  gas  company's  plant  to  the  Council  on  an  accept- 
able basis.  The  majority  of  the  company  seem  satisfied  that,  the  course 
of  the  city  has  led  to  the  general  prosperity,  and  if  they  lose  on  the 
original  investment,  they  have  been  able  to  recoup  themselves  in  the 
great  advance  of  city  property  of  all  sorts.  It  is  easy  to  see,  however, 
that  a  very  different  outcome  might  have  resulted,  and  one  in  which 
grave  injustice  to  the  rights  of  individuals  would  have  been  done. 

It  is  probable  that  rates  will  be  advanced  beyond  the  merely  nomi- 
nal charges  which  are  now  in  force.  The  latter  bear  no  relation  to  the 
real  outlay,  and  the  result  will  be,  if  they  are  maintained,  to  make  the 
light  and  heat  used  by  individuals  of  the  community  a  charge  in  some 
way  and  to  some  extent  upon  the  public  treasury,  an  application  of 
practical  communism  for  which  we  are  scarcely  prepared. 

The  Growth  of  Findlay. 

The  development  of  manufacturing  industries  at  Findlay,  based  on 
the  utilization  of  its  new  found  fuel,  and  the  consequent  expansion  and 
increase  of  the  town,  must  be  briefly  sketched,  but  no  exhaustive  account 
will  be  here  undertaken. 

When  natural  gas  was  discovered  at  Findlay,  the  corporation  con- 
tained four  square  miles,  and  within  these  limits  less  than  4,500  people 
were  living.  As  the  abundance  of  the  gas  supply  and  its  staying  quality 
were  demonstrated,  a  slow  growth  began  in  the  latter  part  of  1885,  which 
increased  steadily  through  18S6.  Prices  for  real  property  were  advanc* 
ing  at  a  reasonable  rate  with  the  new  demand,  and  purchases  were  made 
on  a  moderate  Ecale  with  reference  to  occupancy  and  use.  Manufactur- 
ing plants  were  coming  in,  bringing  considerable  accessions  to  the 
population. 
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A  large  number  of  dwellings,  mostly  of  the  cheaper  grade,  were 
erected  in  1885  and  1886,  and  were  all  occupied  as  soon  as  completed.  The 
town  was  making  a  healthful  and  fairly  rapid  growth,  and  was  gaining 
recognition  as  the  center  of  gas  production  of  the  new  field. 

The  Briggs  Tool  Works  was  the  first  important  addition  to  the 
manufacturing  enterprises  of  the  town.  Reference  has  already  been 
made  to  the  well  drilled  for  this  company.  The  works  now  employ 
seventy-five  men  in  the  manufacture  of  farming,  mining  and  railroad 
tools,  and  many  minor  specialties.  This  company  was  the  first  to  em- 
ploy Findlay  gas  in  welding  iron  and  steel,  a  result  which  was  accom- 
plished on  June  8,  1886.  This  is  counted  one  of  the  great  dates  in  later 
Findlay  history,  and  its  anniversary  was  celebrated  with  extraordinary 
display  by  the  town  in  1887.  The  location  of  the  company  here  was 
decided  by  the  gift  of  land,  free  fuel  in  the  shape  o:  a  gas-well  and 
other  advantages. 

The  same  company  has  recently  added  to  its  plant  a  rolling-mill, 
which  will  manufacture  merchant  iron  for  its  own  use  and  the  general 
market.  Its  fuel  will  be  derived  from  the  company's  well,  which  is 
ample,  several  times  over,  for  the  purpose.  The  upper  vein  of  gas  from 
the  well  has  been  suffered  to  burn  without  utilization  most  of  the  time 
since  the  well  was  drilled.  When  measured  in  1886,  the  volume  of  this 
upper  vein  was  found  to  be  between  200,000  and  300,000  feet  per  day. 
This  loss  went  on  for  more  than  a  year. 

The  adaptation  of  natural  gas  to  glass  manufacture  is  perhaps  the 
happiest  in  its  long  list  of  services.  It  involves  the  followiug  items,  viz., 
the  lessened  cost  of  fuel,  which  in  fact  disappears  altogether  in  the  new 
gas-fields,  the  reduction  of  labor  in  caring  for  the  furnaces,  the  improved 
quality  of  the  product,  and  lastly  the  life  of  the  furnaces.  The  last  item 
is  one  of  the  most  important.  This  line  of  manufacture  was  therefore 
sure  of  being  attracted  to  Findlay  at  an  early  day.  Three  important 
glass-factories  have  been  already  established  here,  and  are  in  most  suc- 
cessful operation.     Four  additional  ones  are  now  being  added  to  the  list. 

The  first  three  are  as  follows : 

The  Findlay  Window  Glass  Company,  located  in  May,  1886,  in 
operation  September,  1886. 

The  Columbia  Glass  Works,  located  in  July,  1886,  in  operation 
January,  1887. 

The  Gas  City  Works  of  J.  T.  Wilcox  &  Co.,  located  in  October,  1886, 
in  operation  March,  1887. 

The  first  of  these  companies  consists  of  the  junior  members  of  a 
Bellaire  glass  company.  Their  original  plant  consists  of  an  eight  pot 
furnace,  but  after  a  year  of  very  successful  business,  they  have  recently 
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more  than  doubled  their  production  by  adding  a  ten-pot  furnace.  Syl- 
yania  sand  and  Fostbria  lime  have  been  used  with  entire  satisfaction 
in  the  manufacture  of  window-glass.  The  quality  of  the  product  is  un- 
surpassed.' 

The  second  company  came  from  Pittsburgh.  It  started  with  a 
thirteen-pot  furnace,  and  employed  140  men.  It  has  increased  its 
capacity  and  employs  half  as  many  more  men.  The  company  manu- 
'  factures  table  glass-ware  of  excellent  quality,  using  sand  obtained  in 
Hancock  county,  Maryland.  The  gas-well  drilled  for  these  three  com- 
panies, and  commonly  known  as  the  Columbia  well,  was  estimated  to 
produce  5,000,000  cubic  feet  per  day,  when  completed.  It  reached  the 
Trenton  at  1,120  feet,  or  approximately  at  340  feet  below  tide.  It 
obtained  its  main  supply  of  gas  from  23  feet  below  the  surface  of  the 
rock.  The  gas  is  perfectly  adapted  in  every  respect  to  this  line  of  manu- 
factures. 

The  third  company  has  recently  been  reorganized.  It  has  an  eight- 
pot  furnace— makes  window-glass,  and  uses  Toledo  sand  (Sylvania  and 
Monclova.) 

A  fourth  glass-factory  is  nearly  completed  on  the  Whitely  farm, 
to  the  southeast  of  the  town.  Three  gas-wells  have  been  drilled 
on  the  property.  Their  production  is  small,  but  ample  for  all  the  pur- 
poses required.  The  company  will  have  eight  pots  in  operation  in  the 
fall  of  1887. 

North  of  town,  on  the  Heck  farm,  where  a  gas- well  of  large  volume 
has  been  drilled,  another  glass-factory  has  been  begun  by  Hirsh,  Ely  & 
Co.  It  will  have  a  ten-pot  furnace  in  operation  before  January,  1887. 
The  capacity  of  the  Findlay  field  at  this  last  named  date  will  exceed 
sixty  pots. 

Another  enterprise  in  the  same  general  line,  is  the  Lantern  Works 
that  has  been  established  here  by  parties  from  Bellaire.  The  company 
has  erected  a  substantial  and  excellent  building,  and  has  added  to  the 
town  an  industry  of  great  value. 

Iron-working  has  been  begun  on  a  still  larger  scale,  so  far  as  the 
prospective  cost  of  the  plants  and  th'e  number  of  men  to  be  employed  is 
concerned.  The  Briggs  Works,  with  its  recently  established  rolling- 
mill,  has  already  been  briefly  described. 

The  Findlay  Iron  and  Steel  Company,  which  is  also  known  as  the 
Carrothers  Boiling-Mill,  is  well  located  on  the  northeastern  side  of  the 
town.  The  machinery  has  been  brought  in  part  from  works  formerly 
established  in  Cincinnati,  but  a  large  proportion  of  the  stock  of  the  com- 
pany has  been  subscribed  in  Findlay. 

The  Lagrange  RoUing-Mill  and  Nail- Works,  which  is  now  in  process 
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of  removal  from  Lagrange,  Mo.,  is  located  on  the  southwestern  side  of 
the  town.  This  is  counted  the  largest  establishment  that  has  been 
attracted  to  Pindlay  by  the  new  advantages  that  the  town  can  offer. 
Its  working  force  is  put  down  as  800  men.  The  machine  shop  of  the 
company  has  already  been  built  and  equipped. 

Near  to  it,  in  the  same  addition  to  the  town,  is  located  the  Ohio 
Coil  and  Cable  Chain  Works,  which  is  at  this  time  about  ready  to  begin 
operations.    This  company  has  moved  its  works  from  Cleveland  for  the^ 
sake  of  the  advantage  of  natural  gas,  to  be  had  here  without  money  and 
without  price. 

The  Heck  farm,  with  its  great  gas-well,  has  been  already  named. 
Near  the  glass-works,  now  being  built  on  this  farm,  an  iron-working 
plant  is  also  in  process  of  erection.  It  belongs  to  the  Wetherell  Wire 
Nail  Company.  It  makes  a  very  valuable  addition  to  the  growing  in- 
dustries of  Findlay.  At  Stuartsville,  four  and  a  half  miles  due  north 
of  the  court  house,  at  the  crossing  of  the  Nickel  Plate  and  the  Toledo, 
Columbus  and  Southern  railroads,  a  very  important  iron- working  plant 
has  been  located.  Twenty  acres  of  land  and  free  gas  for  five  years,  have 
been  given  to  it.  It  ensures  a  manufacturing  village  at  this  point.  Ex- 
cellent gas-wells  have  been  found  in  this  vicinity,  and  are  already  avail- 
able for  the  largest  possible  demand. 

While  glass-manufacture  and  the  various  forms  of  iron-working  are 
the  most  important  industries  attracted  to  Findlay  by  the  advantages 
which  it  has  lately  been  able  to  offer,  they  are  not  the  only  ones. 

Furniture  manufacturing,  wood-working,  lime-burning  and  the 
manufacture  of  brick  on  the  large  scale,  have  also  recently  been  estab- 
lished here,  and  all  these  are  now  in  successful  operation.  Gas  has  been 
found  to  be  the  best  possible  fuel  for  brick-making.  It  gives  a  perfect- 
ly even  and  uniform  product.  The  works  for  manufacturing  pressed 
brick  are  now  turning  out  an  admirable  article. 

Lime-burning  by  natural  gas  is  carried  on  by  Mr.  D.  Barnd  in  kilns 
of  the  old  pattern.  His. kilns  are  to  the  south  of  town  and  a  little  west. 
The  quality  of  his  lime  has  never  been  more  acceptable.  Mr.  C.  B. 
Hall  has  two  patent  or  draw  kilns 'on  the  sam^  side  of  the  town,  and  he 
also  reports  entirely  satisfactory  results.  For  the  present  the  extraordi- 
nary growth  of  the  town  is  taking  up  the  entire  production  of  the  kilns. 
Both  parties  are  burning  the  Waterlime  formation,  which  is  a  dolomite 
of  the  usual  excellent  character  of  northern  Ohio. 

It  is  impossible  to  learn  at  the  present  time  what  amount  of  capital 
or  what  number  of  people  has  been  brought  into  the  town  within  the 
last  year.  Both  accounts  would  involve  quite  large  figures.  The  order- 
ly growth  of  1886,  which  has  been  hastily  sketched  on  a  preceding  page, 
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came  to  an  abrupt  termination  with  that  year.  The  opening  weeks  of 
1887  witnessed  the  breaking  out  of  a  speculative  excitement  of  extraor- 
dinary intensity.  The  entire  community  was  affected  by  it,  nor  was  it 
confined  even  to  the  limits  of  the  state.  It  found  the  city  of  Findlay, 
as  already  stated,  with  territorial  limits  of  four  square  miles.  It  left  it 
with  twenty-four  square  miles  on  paper,  the  entire  township  having 
been  brought  into  the  city.  A  considerable  part  of  the  farm  lands 
adjoining  the'  town  has  already  been  broken  up  into  '^additions",  and 
many  of  the  latter  are  already  divided  into  town  lots.  Streets  are 
graded  and  shade-trees  set.  Several  of  the  manufacturing  establishments 
that  have  been  described  on  a  preceding  page  are  located  in  these  addi- 
tions, from  two  to  three  miles  distant  from  the  court-house. 

Within  the  present  limits  of  the  city  it  is  estimated  that  seven ' 
hundred  dwellings  have  already  been  built  during  1887,  and  as  many 
more  are  under  contract  to  be  completed  before  the  end  of  the  year.    It 
is  claimed  that  twice  as  many  new  houses  would  be  occupied  this  year, 
if  they  could  be  provided. 

A  local  census  taken  in  the  spring  of  1887,  showed  10,221  persons 
residing  within  the  four  square  miles  that  constituted  the  old  town« 
This  number  has  already  been  largely  increased  within  these  limits,  and 
still  further,  by  the  establishment  of  the  several  additions  above  named. 
Estimates  vary  between  13,000  and  18,000  as  to  the  number  in  Findlay 
in  August,  1887. 

Under  the  excitement  of  the  first  three  months  of  1887,  the  prices 
of  real  estate  advanced  to  very  extravagant  figures.  At  the  end  of  that 
time  purchasers  had  disappeared  and  sales  were  thus  arrested.  A  large 
number  of  important  enterprises  have,  however,  been  established  in  the 
town  since  that  date,  attracted  by  grants  of  land,  the  offer  of  free  fuel, 
and  in  some  cases  by  stock  subscriptions,  aided  by  great  effort  and 
activity  on  the  part  of  the  Chamber  of  Commerce. 

One  class  of  the  population  has  reaped  a  rich  harvest  from  the 
increase  of  prices  of  real  estate,  viz.,  the  farmers  who  held  the  outlying 
lands  around  Findlay.  They  have  received  for  their  lands  twice,  three 
times,  or  even  five  times  the  prices  at  which  they  held  them  in  1886. 
Most  of  them  were  sagacious  enough  to  take  the  tide  as  it  rose.  Com- 
paratively little  of  the  farming  land  of  Findlay  township  remains  in 
the  hands  of  its  old  owners. 

Street  railroads  are  being  built  on  quite  a  large  scale  in  the  city, 
and  the  town  has  voted  to  bond  itself  for  water-works.  An  adequate 
and  satisfactory  water  supply  is  even  more  of  a  desideratum  in  Findlay 
than  in  most  other  Ohio  towns  of  similar  situation.  On  the  south  side 
of  the  town,  flowing  wells  of  good  quality  are  struck,  but  the  center  is 
10       Q. 


146 


GEOLOGY  OF  OHIO. 


losing  the  drift-water  on  which  it  has  heretofore  partially  relied.  This 
loss  is  gain,  however,  so  far  as  the  health  of  the  people  is  concerned,  as 
the  character  of  this  supply  was  beyond  question  dangerous,  the  drift 
being  shallow  and  the  town  unsewered.  The  Blanchard  River  is  the 
source  to  which  Findlay  seems,  of  necessity,  to  look  for  its  future  supply, 
but  on  the  great  scale  on  which  the  city  is  now  platted,  the  entire 
volume  of  the  river  will  be  inadequate.  The  problem  is  undeniably  a 
difficult  one. 

The  wells  drilled  since  the  date  above  given  (April,  1886,)  must  be 

divided  into  two  groups,  viz.,  the  gas-wells  proper  and  the  oil-wells.    Of 

the  latter  there  are  100  already  completed.    A  few  of  the  important 

ones  will  be  enumerated  on  a  succeeding  page,  but  a  list  is  not  called 

'  for  at  this  time. 

Of  gas-wells,  counting  in  those  already  reported,  there  are  in  the 
county  at  the  present  date  (August,  1887,)  twenty-five  to  thirty  that 
deserve  the  name.  The  more  important  additions  to  the  previous  list, 
page  182,  are  the  following,  viz. :    (The  list  is  not  complete). 


Colombia 

City,  No.  1 

City,  No.  d.. 

Funk 

Thomtree 

Heck 

Chrossley 

Stnartsville 

Bamd 

Van  Bnren,  Kagy.... 

Weisel.. 

Ballard 

Hoacktown , 

FoBtoria— Oity,No.l. 
"  "        8., 


I. 

III 


1,120 
1,108 
1,124 

1,U2 

1,145 

1,141 
1,087 
1,102 
1,218 
1,180 
1,141 
1,184 


I 
53 


844? 


840? 


8261 


847 
415? 

880? 
870? 


i 

» 


I 

s 


1,172 
1,196 
1,173 

1,285 
1,185 


1,118 
1,188 
1,248 
1,204 
;i,169 
1,164 
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To  this  list  can  be  added  the  following,  which  are  all  reported  as 
small  producers : 

City,  No.  4. 

Oamahan,  Noe.  1, 9, 8. 

Fostoria,  No.  %  (carries  oil). 

Bambo. 

Bright 

Vanlne. 

Mt.  Blanchard  wells. 

The  Bigelow,  Baker,  Ohmer  and  Davis  wells  have  not  been  reported 
to  the  Survey,  and  no  opportunity  has  been  found  for  examining  them. 

These  gas-wells  are  confined  to  those  areas  of  the  county  in  which 
the  Niagara  limestone  makes  the  surface  rock.  It  will  be  remembered 
that  the  Niagara  and  Lower  Helderberg  (Waterlime)  formations  divide 
between  themselves  the  entire  surface  of  the  county.  The  gas  and  oil 
of  the  county  follow  very  closely  these  geological  boundaries,  the  gas 
belonging  to  the  outcrops  of  the  former,  and  the  oil  to  the  areas  covered 
by  the  latter.  The  Niagara  areas  of  course  indicate  the  higher  levels  of 
the  underlying  Trenton. 

A  few  of  the  gas-wells  are  found  on  the  edge  of  the  Waterlime,  as 
for  example,  the  Karg  and  the  other  wells  adjacent  to  it,  but  the  Niagara 
is  in  all  these  cases  near  at  hand.  A  single  well,  viz.,  the  Motter  well, 
in  Orange  township,  located  on  Waterlime  territory,  has  produced  a 
moderate  flow  of  gas,  viz.,  175,000  cubic  feet  per  day,  but  it  is  probable 
that  its  life  would  be  short.  Salt-water  or  oil  would  soon  overrun  it. 
The  Trenton  limestone  was  424  feet  below  tide,  giving  it  an  advantage 
over  adjacent  territory. 

The  Pindlay  break  appears  to  extend  in  a  northerly  direction  from 
Findlay.  It  is  not  certain  that  it  holds  a  straight  course,  but  its  general 
bearing  is  established.  There  are  no  indications  whatever  of  the  im- 
portant flexure  that  has  been  described  under  this  name  further  than 
those  furnished  by  the  fact  that  the  Niagara  limestone  makes  the  sur- 
face rock  on  one  side  and  the  Waterlime  on  the  other.  The  surface 
itself  is  approximately  level.  The  wells  that  are  drilled  along  this 
territory  furnish,  however,  unmistakable  evidence  of  the  extension  of 
the  geological  conditions  found  at  Findlay. 

The  gas  and  oil  districts  are  separated  by  a  sharp  line.  On  one  side 
of  a  road,  for  example,  gas  is  to  be  looked  for,  and  on  the  other,  oil.  All 
the  dry  gas  comes  from  the  east  side  of  the  break,  and  all  the  important 
production  of  oil  from  the  west  side. 

It  seems  probable  that  a  belt  of  oil-territory  will  be  found  along  the 
western  margin  of  the  break.  The  North  Baltimore  oil-field,  which  is 
the  most  remarkable  section  of  the  new  production,  is  located  on  this 
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margin  of  the  break,  though  the  structure  is  less  simple  at  that  point 
than  further  south  or  north. 

The  main  production  of  dry  gas  in  Hancock  county  is  thus  far  con- 
fined to  the  following  townships,  in  whole  or  in  part,  viz.,  Findlay, 
Allen,  Cass,  Marion,  Jackson  and  Washington.  Amanda  and  Delaware 
have  also  furnished  smaller  amounts  of  gas. 

The  Trenton  limestone  loses  character  as  an  oil  or  gas-rock  as  it  is 
followed  to  the  east  or  south. 

At  Arcadia  it  gives  the  following  results  to  chemical  analysis,  viz. : 

Carbonate  of  lime 84.23 

Carbonate  of  magnesia 6.44 

Insoluble  matter 8.66 

So  far  as  examinations  of  this  point  have  now  extended,  the  Trenton 
limestone  is  nowhere  a  good  oil  or  gas-rock  where  it  has  a  composition 
like  this.  The  loss  of  character  in  the  limestone,  as  it  is  followed  south- 
wards, no  doubt  explains  its  unproductiveness  in  the  central  southern 
townships.  Two  lines  of  conditions  essential  to  large  production  in  the 
Pindlay  field  have  now  come  into  view.  (1).  The  Trenton  limestone 
must  have  a  certain  chemical  composition,  viz.,  it  must  be  a  dolomite 
and  approximately  pure.  (2).  The  limestone  must  occupy  a  certain 
absolute  level,  viz.,  it  must  not  fall  more  than  500  feet  below  tide,  or 
else  it  will,  in  this  field,  be  flooded  with  salt-water. 

The  eastern  and  central  southern  townships  are,  to  a  greater  or  less 
extent,  condemned  under  the  first  count.  Moderate  gas-wells  and  dry 
holes  are  in  order  here.  Under  the  second  count  Pleasant,  Portage, 
Blanchard,  and  parts  of  Liberty,  Union  and  Orange  are  condemned. 
This  ^territory  falls  below  the  dead  line.  Ridges  will  no  doubt  be 
developed  within  these  areas,  if  large  exploration  continues,  where  more 
or  less  production  can  be  obtained.  So  far  as  examined,  the  composition 
and  grain  of  the  rock  are  suitable  to  production  throughout  the  western 
side  of  the  county.  It  is  the  depth  of  the  Trenton  limestone  only  that 
proves  fatal  to  it  as  an  oil-rock  here. 

The  Findlay  gas-field  has  recently  received  a  very  important  addi- 
tion to  the  southeast  of  Findlay,  by  the  bringing  in  of  the  Ballard  and 
later  of  the  Houcktown  well.  The  first  is  situated  three  and  one-half 
miles  south  and  a  little  east  of  Findlay,  in  Section  five,  Jackson  town- 
ship. It  found  the  Trenton  at  1,216  feet  below  the  surface,  or  a  little 
more  than  400  feet  below  tide.  It  has  a  higher  closed  pressure  than  the 
Findlay  wells,  the  gauge  standing  at  445  pounds.  Such  a  result  is  to  be 
looked  for  and  explained  by  reason  of  the  greater  depth  of  the  Trenton 
limestone,  viz.,  1,215  feet,  against  1,118  in  the  Karg,  for  example.    A 
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measurement  taken  at  the  end  of  200  feet  of  three-inch  pipe,  with  sixty- 
five  pounds  of  back  pressure  on  the  well,  showed  its  production  to  be 
6,600,000  feet.  Under  more  favorable  conditions  for  its  flow  to  escape  it 
would  make  a  considerable  addition  to  these  figures.  It  is  a  well  of 
much  vigor  and  promise. 

The  Houcktown  well  is  also  reported  as  showing  great  force  in  good 
degree.  It  is  about  eight  miles  south  and  a  little  east  of  Findlay,  being 
located  in  Sec.  21,  Jackson  township.  It  reached  the  Trenton  lime- 
stone at  1,180  feet,  and  found  a  little  salt-water  before  it  was  finished  at 
1,204  feet. 

North  of  Findlay,  not  far  from  the  line  of  the  break,  is  a  series  of 
noble  wells.  Among  these  may  be  named  the  Heck,  Crosley,  Stuarts- 
ville  and  Van  Buren  wells.  The  Heck  well  has  been  estimated  at 
S,000,000  cubic  feet  of  gas  per  day.  It  is  not  known  to  have  been 
measured.  The  Crosley  well  has  at  least  as  large  a  production  as  the 
Heck  in  the  judgment  of  those  who  have  compared  the  two. 

The  largest  gas-well  of  the  state,  up  to  the  present  date,  was  brought 
in  near  Van  Bur^n,  Allen  township,  during  October,  1886.  It  is  located 
in  the  N.  B.  ^  of  the  S.  E.  }  of  Sec  12,  on  the  Eagy  farm.  It  was 
drilled  by  Conroy  and  Johnson,  and  was  by  them  sold  to  the  North- 
western Ohio  Company. 

The  record  of  the  well  is  as  follows:  The  drift  was  eighteen  feet 
thick.  The  casing  stands  at  285  feet  in  the  Medina  shale.  The  Niagara 
shale  was  twelve  to  fifteen  feet  thick,  and  fifty  or  more  feet  of  the  Clinton 
limestone  was  recognized  below  it.  The  Trenton  was  struck  at  1,087 
feet,  or  832  feet  below  tide- water.  The  well  was  finished  at  1,113  feet. 
No  gas  was  found  at  the  usual  shale  horizons,  but  the  moment  the 
Trenton  was  touched,  a  moderate  flow  appeared.  The  gas  strengthened 
as  the  drill  went  down,  until  at  a  depth  of  twenty-eight  feet  in  the 
Trenton,  it  became  irresistible,  andj^the  only  thing  to  do  was  to  get  out 
of  the  way  of  the  furious  column. 

A  measurement  was  executed  on  November  22, 1886.  The  open 
pressure  was  found  to  be  five  and  one-half  to  six  and  one-half  pounds  at 
the  end  of  fifty  feet  of  horizontal  casing  connected  with  the  well-head 
by  an  elbow. 

Adopting  six  pounds  as  a  fair  average,  the  yield  of  the  well  was 
found  to  be,  according  to  the  specific  gravity  of  the  gas  employed  in  the 
tables,  14,984,362  cubic  feet  for  twenty-four  hours.  Th^  temperature  of 
the  gas  was  35''  F. 

On  November  27  the  well  was  tubed  with  four-inch  pipe  and  packed, 
and  was  again  measured.  In  the  four-inch  pipe  an  open  pressure  of 
twenty  and  one-half  pounds  was  found,  against  fifteen  pounds  in  the 
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Karg  well  under  like  conditions.  The  yield  from  the  four-inch  pipe  is 
thus  seen  to  be  by  calculation,  12,614,400  cubic  feet  per  day.  The 
reduction  effected  by  bringing  the  gas  through  the  four-inch  tubing  is 
2,870,000  cubic  feet  per  day. 

By  the  corrected  calculation  for  the  specific  grayity  of  the  gas,  both 
sets  of  figures  are  somewhat  increased. 

The  area  of  gas  territory  in  Hancock  county  cannot  be  measured 
with  accuracy  at  present.  There  are  not  less  than  100  square  miles  for 
which  this  name  is  generally  claimed.  To  this  may  be  added,  25  to  50 
miles,  for  which  an  argument  can  be  made.  The  really  choice  territory 
is  much  less  extended,  but  it  still  includes  several  scores  of  square  miles 
in  five  townships. 

The  Findlay  Oil-Field. 

The  early  tests  of  the  Trenton  limestone  at  Findlay  showed  the 
presence  of  oil  at  certain  levels  in  the  producing  rock.  The  Adams 
well,  which  is  counted  No.  4  in  the  order  of  drilling,  began  its  produc- 
tion with  dry  gas,  but  in  the  course  of  a  few  weeks  oil  appeared  with  the 
gas.  The  amount  soon  increased,  until  a  separator  was  necessary.  Dur- 
ing the  fall  of  1885  the  well  was  producing  four  to  five  barrels  of  oil  per 
day,  together  with  its  one  and  one-fourth  million  cubic  feet  of  gas.  The 
Lima  Road  well,  and  also  the  Putnam  Street  well  showed  the  presence  of 
oil  in  considerable  quantity.  It  was  soon  recognized  that  the  gas-rock 
was  dipping  sharply  to  the  westward  from  about  the  line  of  Main  street, 
and  that  when  it  was  struck  at  a  level  lower  than  400  feet,  it  was  likely 
to  contain  oil  rather  than  gas.  The  first  well  to  be  drilled  expressly  for 
the  purpose  of  reaching  the  oil,  was  the  Matthias  well.  No.  1,  the  record 
of  which  has  already  been  given.  The  result  attested  the  sagacity  of  the 
company  that  located  it.  It  proved  lo  be  a  flowing  oil-well,  with  a  steady 
production  of  thirty  to  thirty-five  barrels  per  day.  This  may  be  taken  as 
the  initial  date  of  the  Findlay  oil-field.  The  well  was  finished  in  No- 
vember, 1885,  but  no  further  drilling  in  this  interest  was  done  until  1886. 
After  the  fashion  of  oil-fields,  new  wells  were  located  as  close  as  possible 
to  this  successful  one.  Those  nearest  repeated  the  experience  of  the  first 
well.  The  price  of  oil  was  forty  cents  per  barrel,  and  a  daily  flow  of  thirty 
barrels  was  therefore  counted  a  fair  return.  The  field,  however,  soon  be- 
gan to  reveal  its  lines.  Barren  rock  was  found  at  some  points  and  salt- 
water at  more.  The  territory  to  the  southwest  of  the  town  proved  un- 
productive, and  a  limit  was  thus  laid  down  in  this  direction. 

This  was  the  direction  to  which  all  the  imported  traditions  of  the 
Pennsylvania  field  pointed  as  to  the  line  of  promise,  and  it  was  only 
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when  the  oil-rock  was  found  charged  with  ealt-water,  ready  to  fill  the 
well  as  soon  as  its  level  was  struck,  that  the  search  along  this  line  was 
abandoned.  The  search  to  the  northeastward  was  of  course  cut  off  by 
the  upper  terrace  of  the  Findlay  monocline,  which  was  gas  territory  by 
way  of  excellence,  and  the  southeast  was  known  to  \y  gas  territory,  if 
anything.  From  three  of  the  quadrants  of  the  circle  at  the  center  of 
which  he  stood,  the  driller  was  therefore  cut  off  in  his  search  for  oil,  and 
his  only  lines  of  advance  were  between  west  and  north*  Deep-set  cas- 
ings, Trenton  below  the  dead  line,  and  consequent  floods  of  salt-water 
were  soon  reported  from  the  northwest,  and  the  productive  field  was 
still  further  narrowed  down.  Its  boundaries  are  now  fairly  distinct, 
and  the  Findlay  oil-field  can  be  defined  as  consisting  of  a  low  ridge  or 
terrace  of  Trenton  limestone,  approximately  horizontal,  about  1,250  feet 
deep,  about  two  miles  wide  in  a  north  and  south  direction,  and  less  than 
five  miles  long  in  an  east  and  west  line,  extending  west  and  a  trifle  north 
from  the  court-house  in  Findlay.  The  entire  productive  territory  is  vir^ 
tually  included  in  Liberty  township,  and  in  the  following  named  sec- 
tions of  this  township,  in  whole  or  in  part,  viz. :  Nos.  8,  9,  10,  11, 12, 13, 
14,  16,  16,  17,  20,  21,  22,  23.  Sections  11,  12, 13,  14  of  Findlay  town- 
ship must  be  added  to  complete  the  account.  Sections  16  and  17  of  Li- 
berty have  furnished  the  great  wells.  The  territory  is,  however,  spotted, 
and  small  wells  are  found  surrounded  by  large  producers.  There  is  a 
possible  outlet  to  the  northwest  that  may  add  a  little  more  productive 
territory. 

Like  all  the  other  Trenton  limestone  oil-fields,  the  Findlay  field 
has  been  held  in  check  by  the  small  and  steadily  lessening  price  that 
has  been  paid  for  its  production.  Whatever  development  is  to  be  re- 
corded has  gone  forward  under  the  most  discouraging  circumstances. 
The  great  corporation  that  is  taking  care  of  the  oil  has  found  it  neces- 
sary to  repress  and  finally  to  arrest  production,  if  not  by  a  price  that 
has  dropped  by  rapidly  following  stages  to  insignificance,  by  an  enforced 
agreement  on  the  part  of  the  operators  to  suspend  the  drill,  to  abjure 
the  torpedo,  and  to  lock  in  all  the  wells  that  can  be  safely  treated  in 
this  way ;  the  agreement  being  made  under  the  distinct  intimation 
that  the  care  of  the  oil  would  be  given  up  unless  its  production  could 
be  curtailed. 

The  facts  pertaining  to  this  subject  will  be  more  fully  stated  under 
the  discussion  of  the  Lima  oil-field,  which  is  to  follow  on  a  succeeding 
page.  The  general  statements  already  made,  are,  however,  to  be  borne 
in  mind  in  considering  the  statistics  of  the  field,  which  will  be  briefly 
given  at  this  point. 


162  GEOLOGY  OP  OHIO. 

Devdopmerd  of  the  Field, 

Ab  already  shown,  the  real  proving  of  the  field  began  in  the  spring 
of  1886.  The  first  well  of  fairly  promising  volume  was  reached  in  Oc- 
tober of  that  year. 

By  September,  1886,  twenty  wells  had  been  drilled  that  produced 
more  or  less  oil.  The  daily  production  was  counted  a  little  more  than 
400  barrels. 

In  October  there  were  twenty-eight  producing  wells,  with  a  daily 
production  of  726  barrels. 

In  November  the  production  was  brought  up  to  1,300  barrels.  The 
new  wells  of  this  month,  nine  in  number,  added  600  barrels  to  the  previ- 
ous figures.    There  were  now  counted  forty  wells  in  the  field. 

The  December  record  showed  a  considerable  expansion.  The  num- 
ber of  producing  wells  was  now  fifty-five,  and  the  daily  yield  was  counted 
nearly  2,000  barrels. 

By  February  1,  1887,  there  were  sixty-seven  producing  wells,  with 
a  daily  production  of  3,000  barrels. 

By  June  Ist,  there  were  100  wells  in  the  field  (97),  with  a  daily  ca- 
pacity (production  is  ns>  longer  quoted)  of  6,000  barrels,  and  the  work  of 
drilling  new  wells  was  substantially  abandoned.  The  sixteen  new  wells 
of  May  were  reported  as  producing  1,355  barrels,  an  average  of  eighty-four 
barrels.  By  this  figure  the  rapidly  expanding  promise  of  the  field  is 
seen. 

A  very  brief  review  of  the  order  of  the  development  will  be  added 
at  this  point. 

The  summer  of  1886  was  a  day  of  small  things  for  the  Findlay  oil- 
field. None  of  the  wells  exceeded  seventy  barrels  for  their  initial  flow, 
except  in  a  few  cases,  where  the  efiects  of  the  torpedo  would  bring  the 
rate  up  to  higher  figures  for  a  day  or  two.  To  countt^rbalance  this  small 
volume,  however,  there  was  gas  enough  in  many  of  the  wells  to  raise  the 
oil,  or  in  case  the  quantity  was  insufficient  to  make  the  wells  flow,  it 
was  still  enough  to  contribute  largely  or  entirely  to  the  pumping.  In 
this  respect  the  Findlay  field  was  decidedly  in  advance  of  the  wells  of. 
equal  production  in  Lima. 

About  the  middle  of  October,  however,  a  well  was  brought  in  on 
the  Cramer  farm,  N.  W.  i.  Sec.  22,  Findlay  township,  two  miles  due  west 
of  the  court-house,  which  put  a  difierent  face  on  the  field.  This  well  de- 
livered through  the  casing  into  the  tank,  150  barrels  of  oil  on  the  first 
day  after  it  was  completed.  At  the  end  of  five  weeks  it  was  still  flowing 
100  barrels  per  day. 

Its  record  in  this  connection  is  an  interesting  one.    Its  elevation 
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above  tide  is  789  feet.  The  depth  of  the  Trenton  is  1,249  feet,  and  the 
upper  surface  is  thus  seen  to  be  460  feet  below  tide.  But  this  elevation 
is  greater  by  five  to  ten  feet  than  that  of  the  same  stratum  in  all  of  the 
wells  to  the  east  of  it. 

It  shares  its  elevation  with  the  wells  on  the  Kutz  and  Schoonover 
farms,  immediately  adjacent.  The  Kutz  well  proved  to  be  even  a  bet- 
ter producer  than  the  Cramer,  starting  out  at  a  250-barrel  rate. 

The  levels  of  the  limestone  in  a  few  of  the  wells  that  first  gave 
character  to  the  oil-field  are  appended : 

Trenton  limestone 
below  tide. 
In  section  12,  Findlay  township — 

Howard  well.. 467 

Bolton  well 479 

Oorothers  well 489 

The  descent  of  the  limestone  is  to  the  west. 
In  section  13,  Findlay  township — 

Karg  well,  No.  2 468 

Bookmiller  well 472 

Matthias  well,  No.  1 481 

No.  2 470 

Wade  well,  No.  1 474 

No.  2 , 467 

Bmner  well 491 

In  section  14,  Findlay  township — 

Burkey  well 466 

Alge  well,  No.  1 \ 471 

No.  2 473 

Whistleman  well.. 473 

In  section  22,  Liberty  township- 
Cramer  well 460 

Kutz  well 460 

Schoonover  well 459 

The  influence  of  the  elevation  of  the  oil-rock  on  its  production,  is 
still  further  illustrated  in  the  behavior  of  the  two  Wade  wells,  S.  W.  J, 
Sec.  13,  Findlay  township. 

Well  No.  1  found  the  Trenton  474  feet  below  tide.  It  produced 
about  six  barrels  of  oil,  with  one  to  six  barrels  of  salt-water. 

Well  No.  2,  situated  a  few  rods  to  the  north,  had  an  advantage  of 
seven  feet  in  the  level  of  the  oil-ro<^k.  Its  best  flow  was  sixty  barrels  of 
oil.  During  the  first  two  months  it  produced  about  forty  barrels  for  a 
daily  average,  falling  away  slowly  to  a  twenty-five-barrel  rate.  This 
well  had  not  been  shot  when  the  record  was  obtained. 

The  effect  of  the  torpedo  is  quite  marked  in  the  Findlay  field.  A 
well  drilled  in  dry  has  been  made  into  a  2(X)-barrel  producer,  for  its  first 
day's  flow,  by  a  heavy  shot. 
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The  most  significant  example,  however,  is  famished  in  the  well  of 
Penzer  &  Co.,  on  the  D.  J.  Cory  farm,  Sec.  16.  Liberty  township. 
This  well  was  drilled  in  during  February,  1887,  and  took  a  very  moderate 
rate{of  twenty-five  barrels  daily  production.  It  was  shot  with  80  quarts 
March  14,  and  was  thereby  converted  into  one  of  the  great  wells  of  the 
entire  territory.  During  the  first  week  thereafter,  it  had  put  more  than 
5,000  barrels  of  oil  into  the  tank,  and  had  been  shut  in  a  part  ot  the 
time.  There  is  no  doubt  that  it  would  have  produced  1,500  barrels  per 
day,  if  unobstructed,  in  the  first  few  days  after  it  was  shot.  At  the  end 
of  two  months  it  was  producing  800  barrels  per  day,  and  August  1st, 
1887,  it  was  producing  350  barrels  per  day.  Its  total  production  exceeds 
50,000  barrels,  and  perhaps  will  already  reach  60,000  barrels.  This  is 
the  largest  well  of  the  Findlay  field  proper,  and  ranks  among  a  half- 
dozen  of  the  great  wells  that  the  Trenton  limestone  has  thus  far  furn- 
ished. The  well,  on  the  adjoining  section,  struck  a  still  higher  initial 
rate,  but  the  well  was  drilled  too  deep  and  carries  a  little  salt-water. 

Production  of  nearly  this  rate  has  been  also  reached  by  the  well  on 
the  Cyrus  Grubb  farm,  that  flowed  forty  barrels  per  hour  for  the  first 
day.    It  was  finished  early  in  March,  1887. 

The  general  characteristics  of  the  Findlay  oil  pool  can  be  made  out 
from  the  statements  already  given.  It  is  obvious  that  there  are  great 
possibilities  here  when  the  time  comes  for  the  proper  recognition  and 
development  of  this  immense  stock  of  power. 

Findlay  oil  has  been  taken  care  of,  i.  e.,  transported  from  the  wells, 
stored  and  purchased  by  the  Buckeye  Pipe  Line  Company,  which  is  a 
branch  of  the  Standard  Oil  Company,  and  to  a  small  extent  by  the 
Findlay  Pipe  Line  and  Refining  Company.  This  last-named  company 
has  a  tank  of  26,000  barrels  capacity  at  its  works.  Its  operations  in  re- 
fining the  oil  will  be  described  in  another  connection.  The  Buckeye 
Pipe  Line  Company  has  already  put  up  21  tanks,  with  a  capacity  of 
80,000  to  86,000  barrels  each,  and  is  going  forward  with  the  work  of 
storing  the  oil  at  very  large  expense. 

Conclusion. 

This  fragmentary  and  incomplete  account  of  the  Findlay  field  must 
be  brought  to  an  end.  Much  remains  to  be  told  concerning  the  outcome 
of  the  remarkable  discovery  of  November,  1884,  but  the^essential  features 
of  the  geology  and  the  production  of  the  new  field  have  now  been  set 
forth. 

One  question  remains  to  be  answered  concerning  it,  a  question  that 
is  first  to  be  asked  by  every  intelligent  observer  of  the  surprising  facts 
that  appear.    It  is  this,  viz.,  how  long  will  the  supply  last? 
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As  to  the  oil-field  no  extended  discussion  is  required.  The  Trenton 
reservoir  shows  fair  staying  quality,  but  there  is  nothing  whatever 
upon  which  to  base  a  claim  that  its  flowing  wells  will  flow  forever  or 
that  its  pumping  wells  will  respond  to  the  pump  indefinitely.  The 
greatest  oil-well  in  the  field  falls  in  four  and  one-half  months  from  1,500 
barrels  to  850  barrels  in  its  daily  production,  and  we  have  nothing  but 
praise  for  its  persistency,  as  shown  by  its  slow  rate  of  decrease. 

C.  S.  Wade's  well.  No.  2,  Sec.  13,  Findlay  township,  already  referred 
to,  began  its  production  in  September,  1886,  with  sixty  barrels.  It 
soon  fell  to  forty  and  then  to  twenty-five  barrels,  and  is  now,  at  the  end 
of  eleven  months,  flowing  eighteen  barrels.  These  are  favorable 
examples  of  the  behavior  of  the  Findlay  oil-field.  In  other  words,  the 
field  follows  the  laws  of  all  oil-fields  in  its  gradual  reduction  of  pressure 
and  production. 

Will  the  duration  of  the  gas-supply  of  Findlay,  in  like  manner, 
follow  the  law  of  other  gas-fields,  or  will  it  prove  a  unique  and  solitary 
exception  to  all  previous  experience  ? 

There  is  nothing  whatever  to  support  this  last-named  alternative. 
The  ardent  wishes  of  the  favored  communities  that  have  secured  the 
new  fuel,  that  their  supply  shall  be  perpptual,  do  not  go  far  to  prove 
that  it  will  be  perpetual.  The  so-called  *^  theories  "  that  are  advanced 
in  support  of  such  a  view,  are  utterly  crude  and  baseless.  Findlay  gas 
will  obey  the  law,  is  obeying  the  law,  of  all  high-pressure  gas  that  has  ever 
been  discovered.  It  is  a  stored  product.  The  amount  of  it  is  measurable. 
Every  foot  withdrawn  from  the  reservoir  leaves  the  ultimate  stock  less. 
Several  of  the  wells  already  in  use  establish  the  fact  of  an  appreciable 
decline  in  volume. 

The  structure  of  Findlay  is  exceptionally  favorable  to  gas  accumu- 
lation, as  it  appears.  Its  supply  is  vast  and  of  priceless  value,  but  far 
too  much  has  been  already  lost  through  indifierence  and  ignorance  or 
wasted  in  vain  display.  A  halt  should  be  called  and  a  new  order  at  once 
established  and  enforced. 

For  the  illumination  of  the  city,  for  example,  more  than  200  torches 
are  now  employed  in  place  of  gas-jets.  The  great  expansion  of  the  city 
limits  will  soon  increase  this  number  several  fold.  Each  torch  is 
estimated  is  burn  per  hour  50  to  100  feet  of  gas,  or  1,200  to  2,400  feet  per 
day.  Private  grounds  in  like  manner  are  provided  in  many  cases  with 
these  wasteful  floods  of  light.  The  street  lights  at  present  are  left  burn- 
ing in  many,  if  not  in  most  instances,  all  day.  This  is  simple  vandal- 
ism, as  wanton  a  waste  of  accumulated  wealth  as  that  in  which  the 
term  originated. 

Findlay  is  to  be  congratulated  on  the  score  or  more  of  important 
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manufactories  which  its  advantages  and  its  enterprise  hafve  already 
won  for  it.  Thus  far  it  has  gained  more  than  all  the  rest  of  the  gas-field 
in  Ohio  and  Indiana  combined.  There  is  a  richly  remunerative  use 
before  it  for  every  foot  of  gas  that  its  great  reservoir  contains.  It  has 
done  enough  already  to  advertise  its  great  fortune  and  its  great  possi- 
bilities. It  would  be  the  height  ol  folly  for  the  town  to  spend  so  much  in 
the  splendor  of  its  invitations  that  it  should  materially  reduce  thereby 
the  amount  of  its  substantial  attractions. 


THE  BOWLING  GREEN  FIELD. 

This  field  comes  second  in  order  of  development,  and  was  for  some  time 
second  in  order  of  importance  in  the  supply  of  gas  from  the  new  horizon. 
After  the  discovery  of  high-pressure  gas  in  Findlay,  in  November,  1884, 
a  wide-spread,  interest  and  curiosity  was  aroused  in  the  adjacent  towns 
of  northern  Ohio  as  to  their  own  possibilities.  In  all  of  the  earlier  dis- 
cussions that  followed  the  discovery  of  Findlay  fi:as,  the  Cincinnati  axis 
was  made  to  take  a  prominent  place.  A  more  or  less  distinct  fold  or 
anticlinal  was  supposed,  on  geological  authority,  to  extend  across  this 
portion  of  the  state,  upon  the  crown  of  which  Findlay  was  now  thought 
to  be  located.  It  was  inferred  that  other  productive  localities  would  be 
found  along  the  northward  extension  of  this  axis.  It  has  already  been 
shown  that  this  great  feature  in  our  geology  does  not  correspond  well  to 
the  popular  idea  of  an  anticlinal,  but  the  facts  bearing  upon  this  point 
were  not  then  available.  Speculations  as  to  the  extension  of  this  axis 
had  something  to  do  with  the  location  of  some  of  the  earlier  wells  to  the 
north  of  Findlay,  and  possibly  here. 

Like  Findlay,  Bowling  Green  is  underlain  with  the  Niagara  lime- 
stone. It  is  twenty-four  miles  due  north  of  Findlay.  Its  surface  has 
even  less  relief  than  the  region  southward.  A  limestone  ridge  traverses 
the  town  and  the  rock  is  everywhere  very  shallow.  The  altitude  of  the 
track  at  the  station  of  the  Toleido  and  Southern  railroad,  is  701  feet 
above  tide-water,  or  about  eighty  feet  below  the  general  level  at  Findlay. 
This  is  as  high  a  point  as  there  is  in  the  neighborhood.  The  average 
elevation  is  fifteen  to  twenty  feet  less  than  this. 

The  Bowling  Green  Natural  Gas  Company  was  organized  by  a 
number  of  the  most  enterprising  and  public* spirited  citizens,  in  Janu- 
ary, 1885.  Brownyar  &  Martin  took  the  contract  for  drilling  the  trial 
well,  and  work  was  begun  on  February  4,  1885.  The  record  of  the 
descent  agreed  in  almost  every  respect  with  the  record  of  the  .Findlay 
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well.  Samples  of  the  drillings  were  saved  with  great  care  by  C.  W. 
Svers,  Esq.,  and  were  turned  over  by  him  to  the  service  uf  the  Survey. 
They  proved  very  valuable,  and  in  connection  with  the  samples  of  the 
first  Findlay  well,  collected  by  Mr.  C.  J.  Eckels,  they  served  to  furnish 
a  new  and  for  the  first  time  an  authentic  record  of  the  underground 
geology  of  this  portion  of  the  state.  The  Utica  shale  was  dislodged  here 
in  quite  large  fragments,  immediately  above  the  Trenton  or  gas-rock, 
by  the  explosion  of  a  torpedo,  and  it  so  chanced  that  the  fragments  were 
charged  with  the  most  truly  characteristic  fossil  of  this  wide-spread 
stratum,  viz.,  the  minute  brachiopod  shell,  Leptcbolus  insignia,    HaU. 

The  record  of  the  well  is  as  follows : 


Upper  limestones 306  feet 

Shale,  red      ) 

Shale,  gray     \  790    « 

Shale,  brown  j 

Gas-rock,  stmck  at 1096    " 


Interpreted  by  the  drillings  saved  by  Mr.  Bvers,  the  record  would 
take  the  shape  indicated  below,  some  of  the  boundaries  being,  however, 
indefinite : 

Niagara  limestone 280  feet 

Niagara  shale  (16  to  80  feet) 16  *< 

Clinton  group 60  ** 

Medina  shale  (80  to  60  feet) 60  " 

Hudson  River  shale 480  " 

Utica  shale 260  *' 

Trenton  limestone,  at 1096  " 

This  record  is  illustrated  in  the  preceding  plate,  page  112. 

The  Niagara  shale  was  first  found,  for  this  district,  in  characteristic 
phase  in  this  well.  It  is  easily  recognizable  in  all  of  the  wells  that 
have  been  since  drilled.  It  is  a  water-bearing  horizon,  as  it  also  is  in 
its  outcrops.  The  water  yielded  by  it  in  the  wells  is  very  high  in 
mineral  matter,  being  more  like  a  bittern  than  a  brine.  This  is  seen  in 
the  following  analysis  made  for  the  Survey  of  water  derived  from  well 
No.  2:    {Lord.) 

Specific  Oravity,  1.117.    Parts  in  1000: 

Chloride  of  sodium 88.80 

"           "  calcium 60.06 

**          "  magnesium •  16.96 

Sulphate  of  lime 1.04 

Traces  of  sulphuretted  hydrogen. 

Dr.  Sterry  Hunt  has  called  attention  to  the  peculiar  character  of 
these  Lower  Silurian  brines.    '  Chem,  Eaaays,,  p.  158. 
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The  composition  of  the  Clinton  limestone,  as  found  at  210  feet,  and 
again  at  260  feet,  is  shown  in  the  following  analyses,  viz. :    Lord. 


%W 


280' 


Carbonate  of  lime 

Carbonate  of  magnesia 

Inaolable  residae,  silica,  etc  . 


49.19 

40.31 

7.76 


61.62 

44.08 

0.97 


It  was  expected  that  the  Clinton  would  agreee  more  closely  with 
the  formation  in  its  outcrops,  in  which  case  it  would  have  shown  80  per 
cent,  carbonate  of  lime.  On  the  contrary,  it  proves  to  be  a  dolomite, 
the  last  example  being  remarkably  pure.  It  agrees  with  the  best  phases 
of  the  Niagara  in  this  respect. 

Gas,  peculiarly  rank  with  sulphuretted  hydrogen,  is  yielded  from 
this  horizon.  It  is  so  offensive  sometimes  as  to  be  rejected  from  the 
mains. 

At  815  feet,  dark-brown  shales  were  reported.  They  lie  near  the 
boundary  of  the  Clinton  and  Medina  formations.  At  330  feet,  in  the 
upper  Medina,  a  pocket  of  gas  of  great  force  and  volume  was  found. 
The  gas,  when  lighted,  blazed  thirty  feet  above  the  casing,  but  it  ex- 
hausted itself  within  sixty  hours  after  it  was  struck.  It  may  prove 
that  we  have  here  a  thin  bed  of  sandstone  of  the  Medina  type.  Facts  are 
not  at  hand  by  which  this  question  can  be  settled  now.  Gas  is  frequently 
found  at  this  horizon.  The  red  phase  of  the  Medina  shale  appeared  at 
350  feet.  At  about  410  feet,  the  characteristic  light-colored  shales  of 
the  Hudson  River  group,  with  their  fossiliferous  bands,  were  found ; 
they  continued  for  about  450  feet,  but  the  lower  boundary  is  not  sharp. 
The  ntlca  formation  is  represented  by  about  250  feet  of  homogeneous 
shale,  dark-brown  in  color,  and  yielding  easily  to  the  drill.  The  compo- 
sition of  the  formation  at  975  feet  is  shown  in  the  following  analysis 
made  for  the  survey :  {Lord.) 

Carbonate  of  lime 11.87 

Carbonate  of  magnesia 6.88 

Insoluble  residae,  sUica  and  silicates 68.82 

This  is  not  unlike  many  beds  of  the  Cincinnati  shales  in  compo 
sition,  but  it  is  much  darker  in  color  than  the  last-named  beds. 

The  Trenton  limestone,  or  the  gas-rock,  is  a  light-colored,  crystalline, 
hard  and  massive  rock.  Its  composition  is  shown  in  the  following 
analyses,  the  first  one  being  taken  from  1,096  feet,  (the  gas  rock  proper), 
and  the  second  from  1,190  feet.    The  results  are  as  follows :    (Lord.) 
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Carbonate  of  lime 

Carbonate  of  magnesia 

Inaolable  residue,  silica  and  silicates.. 


61.78 

86.80 

4.89 


88.64 
6.77 
2.16 


The  close  agreement  between  the  productiye  phases  of  the  Tren- 
ton limestone,  at  various  points  in  the  field,  has  already  been  noted 
The  oil  and  gas-rock  is  seen  to  be  everywhere  a  magnesian  limestone 
or  dolomite.  Its  upper  portion  is  very  porous,  as  is  shown  in  fragments 
brought  up  by  explosion. 

The  Bowling  Green  well  obtained  but  a  small  supply  of  gas  in  the 
lower  rock.  In  fact,  the  well  appeared  to  be  nearly  a  failure.  The 
drilling  was,  accordingly,  carried  downward  for  about  two  hundred  feet 
into  the  Trenton  limestone,  but  without  any  increase  whatever  in  the 
amount  of  gas.  Recourse  was  then  had  to  the  torpedo.  Three  hundred 
pounds  of  rack-rock  were  exploded  in  the  Trenton  limestone  at  the  pro- 
ductive horizon  on  March  21,  1885,  and  what  was  then  counted  a  fine 
flow  of  gas  was  thereby  secured.  The  gas  was  at  once  utilized  for  power  in 
the  flouring-mill,  located  near,  and  arrangements  were  begun  for  intro- 
ducing it  as  household  light  and  fuel  throughout  the  town.  This  first 
well  remains  a  serviceable  and  steady  source  of  supply  to  the  town, 
though  its  production  is  not  large.  No  opportunity  has  been  found  to 
measure  its  flow.  In  1885,  the  pressure,  as  shown  in  the  steam-gauge, 
after  the  well  had  been  closed  ten  minutes,  was  sixty -two  pounds  per 
square  inch. 

During  the  first  year  that  followed  the  opening  of  the  field,  five 
other  wells  were  put  down  to  the  Trenton  limestone  by  the  Bowling 
Green  Company.  The  second  followed  close  upon  the  completion  of  the 
first  well,  but  it  yielded  only  a  small  amount  of  gas,  and  no  improve- 
ment was  made  by  torpedoing  it.  Salt-water  invaded  it  in  considerable 
quantity,  and  finally  the  well  was  filled  up  for  several  hundred  feet, 
only  ttie  surface  veins  of  gas  being  utilized.  But  little  account  is  made 
of  it  at  present. 

Wells  No.  3  and  No.  4  are  also  small,  and  their  supply  of  gas  would 
scarcely  be  missed  from  the  mains  at  the  present  time.  They  are  prin- 
cipally valued  for  reducing  the  friction  in  the  pipes  of  the  larger  but 
more  distant  supply. 

Well  No.  5  is  of  the  same  force  and  value  as  No.  1,  or,  perhaps,  it 
has  a  larger  outflow.  Of  the  first  five  wells,  the  first  and  the  last  have 
proved  the  main  source  of  reliance  to  the  company. 
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In  January,  1886,  there  were  dependent  upon  the  gas  mains  in 
Bowling  Green,  153  stoves,  1  furnace,  and  184  lights.  Several  large 
buildings,  as  churches,  were  included  among  the  buildings  warmed  and 
lighted.  In  severe  weather,  the  supply  was  found  inadequate.  The 
combined  production  of  the  wells  did  not  exceed  150,000  cubic  feet,  ac- 
cording to  the  calculations  of  the  superintendent  of  the  gas  company, 
while  200,000  feet  would  be  required  to  meet  all  demands. 

This  experience  was  somewhat  discouraging  to  the  company  and 
the  town,  but  it  is  now  apparent  that  it  has  resulted  to  the  ultimate 
advantage  of  both.  If  a  large  flow  of  gas  had  been  struck  in  the  town, 
it  is  obvious  that  private  parties  would  have  proceeded  at  once  to  sink 
wells,  and,  as  in  Findlay,  a  much  larger  supply  of  gas  would  be  secured 
than  could  be  used,  while,  at  the  same  time,  the  reservoir  would  be  more 
rapidly  emptied.  But  these  small  and  uncertain  wells  discouraged  all 
private  ventures,  and  fortunately  the  company  had  the  courage  to  put 
down  a  sixth  well  a  mile  south  of  the  town.  (S.  W.  ^,  Sec.  30.  Centre 
tp.)  This  well  was  drilled  in  February  and  March,  1886,  reaching  the 
gas-rock  on  March  13,  at  a  depth  of  1,086  feet.  The  well  record  agrees 
with  the  earlier  records  in  all  essential  elements.  There  was  a  some- 
what larger  showing  of  red  rock  (Medina)  in  this  well  than  in  the 
others.  It  was  finished  at  1,152  feet.  The  gas  in  the  other  wells  was 
all  found  at  the  surface  of  the  Trenton  limestone.  In  this,  it  contin- 
ued to  come  into  the  well,  and  in  constantly  increasing  volume,  through 
the  first  ten  feet  of  the  Trenton.  In  this  respect  it  agrees  with  the  Find- 
lay  wells,  and,  in  fact,  belongs  to  the  same  order  with  them. 

The  amount  of  gas  produced  by  this  well  was  several  times  greater 
than  that  supplied  by  all  the  rest  combined.  It  gave  a  new  character 
to  the  entire  supply.  Until  it  was  completed,  the  highest  pressure 
shown  in  the  mains  was  four  or  five  ounces.  The  flow  of  the  gas  now 
need  to  be  much  restricted,  so  that  the  pressure  should  not  exceed  nine 
ounces.  The  gas  from  the  new  well  was  brought  into  the  town  by  a  five- 
inch  main,  buried  below  the  frost  line. 

Its  pressure  at  the  well  is  over  400  pounds.  It  gains  when  shut  in 
100  pounds  in  thirty-five  seconds.  The  gas  of  this  well  is  counted  more 
sulphurous  than  that  of  other  wells  in  the  line.  It  is  thought  to  burn 
with  a  redder  light.  It  will  be  remembered  that  in  all  the  analyses 
made  of  Trenton  limestone  gas,  almost  absolute  uniformity  of  composi- 
tion was  found.  These  claims  for  difference  of  character  in  the  gas  of 
the  several  wells  must  be  taken  with  caution. 

Wells  Nos.  7  and  8  were  drilled  still  further  south,  the  latter  being 
located  in  the  N.  W.  i  Sec.  6,  Portage  township.  This  last-named  well 
is  the  most  vigorpus  that  has  been  obtained  by  the  company.    Measured 
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August  20,  1887,  its  volume  was  found  to  be  924,480  cubic  feet  per  day. 
The  pressure  through  the  open  stop-cock  of  a  two-inch  pipe  at  the  well- 
heivd,  was  six  and  one-half  pounds.  Its  volume  does  not  put  it  into  the 
list  of  great  wells,  but  its  pressure  rises  with  remarkable  promptness. 
It  gains  when  shut  in : 

100  poands  in  five  aeoonds. 
160         **         ten  seconds. 
190         •*         thirty  seconds. 
226         "         sixty  seconds. 

These  facts  are  of  value  because  they  show  that  the  volume  of  a  well 
cannot  be  safely  connected  with  the  rate  of  increase  of  pressure  of  the 
well,  as  has  been  heretofore  held  by  many. 

The  closed  pressure  of  a  well  has  already  been  shown  to  be  entirely 
without  value  as  a  guide  to  its  production,  and  now  even  the  rate  of  in- 
crease is  proved  to  be  equally  unreliable  as  a  means  of  determining  the 
daily  flow. 

Mr.  J.  H.  Ferry,  the  intelligent  superintendent  of  the  gas  com- 
pany, has  observed  a  periodical  fluctuation  in  the  pressure  of  the  gas  in 
the  wells  each  day.  The  maximum  is  reached  at  noon  and  at  mid- 
night; the  minimum  at  morning,  and  again  at  evening.  The  range  of 
difference  is  two  and  one-half  pounds.  These  observations  stand  alone, 
and  no  explanation  is  offered. 

The  corporation  of  Bowling  Green  secured  permission  from  the 
Legislature,  at  its  last  session,  to  bond  itself  to  the  extent  of  $25,000,  to 
drill  wells  and  to  pipe  the  gas  when  found  to  the  town,  to  be  used  free 
of  charge,  by  manufacturers  who  locate  their  works  here.  The  money 
has  been  already  expended  in  part.  Four  wells  have  been  drilled— one 
on  the  north  part  of  the  corporation  limits,  which  proved  too  small  a 
source  of  gas  to  be  of  value,  one  on  the  west  side  of  the  town,  which  is 
also  of  small  value,  and  two  others  in  Sec.  6,  Portage  township,  2^  miles 
south  of  the  court-house.  The  last-named  wells  are  fairly  vigorous  for 
the  Bowling  Green  field.  A  six-inch  line  has  been  laid  from  them  to 
the  town,  and  an  ample  supply  for  manufacturing  purposes  is  now 
available.  More  territory  has  been  secured  by  both  the  gas  company 
and  the  Trustees  of  the  corporation  in  Portage  township,  and  drilling 
is  going  forward  at  the  present  time. 

In  one  of  these  city  wells  a  pocket  of  gas  was  struck  at  a  depth  of 
800  feet,  which  exceeded  in  force  anything  yet  found  in  the  field.  The 
tools  were  thrown  out  of  the  well  (800  feet  deep),  striking  the  top  of  the 
derrick  as  they  rose,  and  knocking  off  the  pulley  block.    Falling  again, 

11  G. 
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the  drill  passed  through  a  two-inch  plank  and  a  twelve-inch  timber,  and 
then  sunk  six  feet  into  the  ground.  The  blower  exhausted  itself  in  a 
few  hours.  The  commissioners  of  the  county  have  also  drilled  two  wells 
on  the  Infirmary  farm,  one  of  which  was  dry,  but  the  latter  of  which 
furnishes  heat  and  light  for  the  Infirmary. 

Utilization  of  the  Oas. 

The  Bowling  Green  Gas  Company,  in  establishing  its  rates  for  light 
and  fuel  at  first,  followed  the  experience  of  some  New  York  and  Penn- 
sylvania towns,  the  conditions  of  which  agreed  fairly  well  with  those 
of  their  own  town.  They  fixed  the  tariff  at  about  two-thirds  of  the  cost 
of  the  fuel  displaced.  The  consumer  had  the  advantage  of  the  one-third 
reduction,  and  the  wonderful  convenience  and  saving  of  labor  which  the 
new  fuel  brings  with  it.  These  first  established  rates  have  been  modi- 
fied to  some  extent. 

The  rates  for  1886-7  are  as  follows,  discounts  being  allowed : 

Cooking  stoves 12  60  per  month. 

Heating  stoves 2  00-4  00    " 

Gas-lights  were  counted  at  the  opening  of  the  field  as  follows : 

1  light dO  cents  permonth. 

a  lighto 60       « 

d    "      66       **  " 

4    " 80       "  " 

6    " 100       •*  « 

The  rates  of  1887-8  will  be  still  further  reduced. 

During  the  last  year  there  were  500  stoves  dependent  on  the  line. 
Provision  is  made  for  1,000  stoves  for  the  present  year. 

In  addition  to  the  domestic  use  of  the  gas  in  Bowling  Green,  it  has 
been  devoted,  as  in  Findlay,  to  the  production  of  lime.  The  Niagara 
limestone  that  comes  to  the  surface  here  in  long  ridges  is  a  very  pure 
dolomite.  Its  composition,  as  sampled  carefully  from  a  section  of  ten 
feet  in  the  Thurstin  quarry  near  the  railway  station  of  the  Toledo  and 
Southern  road,  is  as  follows  {Lord) : 

Carbonate  of  lime.. 68.98 

Carbonate  of  maffnesia.. • 48ii6 

SiUca 1.68 

Alumina  and  oxide  of  iron.. ; .40 

Total.. 99.16 

No  test  had  been  made  of  its  lime-producing  qualities  until  natural 
gas  was  discovered  here,  but  the  results  of  the  analysis  given  above  left 
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no  question  as  to  its  excellent  adaptation  to  this  purpose.  The  first 
trials  proved  entirely  satisfactory,  and  four  kilns  have  now  been  put 
in  operation,  each  of  which  will  yield  76  to  100  barrels  of  lime  per  day, 
A.  E.  Royce  has  two  kilns  of  the  most  modern  type,  with  all  the  acces- 
sory equipment  for  a  large  production.  W.  Stanley  Thurstin  has  also 
two  thoroughly  equipped  kilns  in  successful  operation. 

Mr.  Royce  was  the  pioneer  in  this  industry  in  northern  Ohio.  He 
yisited  Kittanning,  Pennsylvania,  the  only  point  where  lime-burning 
by  natural  gas  is  known  to  have  been  carried  on  before  its  establishment 
here,  and  examined  carefully  the  conditions  that  had  here  been  found 
necessary.  His  first  kiln  was  not,  however,  entirely  successful.  It  re- 
quired, in  fact,  to  be  rebuilt,  before  it  gave  satisfactory  results,  but  the 
problems  connected  with  this  mode  of  burning  lime  are  being  rapidly 
solved,  and  most  of  the  lime  now  produced  is  of  marketable  quality. 
The  trouble  has  been  in  overburning  and  in  uneven  quality  resulting 
therefrom,  for  part  of  the  timej  and  in  underburning  at  other  times,  by 
which  cores  are  left  in  the  blocks.  The  gas  is  introduced  through  five 
burners  on  each  side,  under  a  pressure  of  two  pounds.  The  flame  can 
be  sent  through  the  entire  kiln  if  desired.  No  doubt  is  left  as  to  the 
complete  success  of  natural  gas  in  lime-burning. 

The  gas  used  in  burning  is  piped  to  the  kiln  by  the  gas  company, 
and  is  furnished  at  the  rate  of  one  cent  per  bushel  of  lime  manufac- 
tured. The  wood  required  for  burning  a  bushel  of  lime  will  range  in 
value  between  three  and  eight,  or,  possibly,  ten  cents.  The  average 
cost  in  the  Springfield  district,  a  dozen  years  ago,  was  between  six  and 
seven  cents.  The  labor  required  in  burning  is  reduced  in  probably  an 
equal  proportion.  Under  these  new  and  remarkable  conditions,  compe- 
tition on  the  part  of  the  old  methods  is  out  of  the  question.  Bowling 
Green  lime  has  already  made  its  way  to  the  Cincinnati  markets,  among 
the  most  distant  that  it  would  naturally  seek,  where  it  finds  it  easy 
to  establish  itself  after  transportation  by  rail  for  at  least  200  miles. 

These  facts  naturally  awaken  a  good  deal  of  uneasiness  in  the  large 
interest  engaged  in  lime-production  in  northern  Ohio.  These  subjects 
will  be  further  discussed  in  a  subsequent  chapter. 

The  Orototh  of  Bowling  Oreen. 

The  effects  of  the  discovery  of  gas  in  the  town  must  be  described  in 
a  few  words.  The  population  has  been  increased  from  2,000  to  3,000  in 
the  course  of  the  last  year.  The  price  of  real  property  has  advanced 
from  100  to  300  per  cent.,  and  very  many  sales  have  been  effected.  A 
large  amount  of  foreign  capital  has  been  brought  in,  the  distribution  of 
which  has  been  quite  general. 
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The  central  portions  of  the  town  have  been  bought  up,  the  former 
owners,  in  many  instances.,  erecting  much  better  buildings  elsewhere, 
from  the  proceeds  of  the  sales.  The  outlying  lands  around  the  town 
have  been  bought  up,  platted  and  annexed.  More  than  100  new  build- 
ings have  been  put  up  within  the  last  six  months,  and  the  work  of  con- 
stri^ction  is  as  active  as  ever  at  the  present  time.  This  growth  is  the 
result  of  the  location  of  several  manufactories  in  the  town. 

Bowling  Qreen  has  been  enterprising  and  fortunate  enough  to  secure 
two  glass  works,  viz.,  the  Canastata  Glass  Works,  of  central  New  York, 
and  the  Lythgo  Works,  of  eastern  Ohio.  The  former  of  these  has  made 
the  most  costly  and  imposing  plant  that  has  yet  been  brought  into  the 
new  field.  It  consists  of  two  ten-pot  furnaces  for  the  manufacture  of 
window-glass.  A  company  of  the  citizens  gave  to  the  glass  company, 
six  acres  of  land  for  its  buildings  and  $4,000  in  cash,  while  the  corpora- 
tion promises  free  gas  for  five  years. 

The  Lythgo  Company  is  building  at*  the  present  time.  It  has  also 
received  material  aid  from  the  citizens  and  town.  It  is  to  manufacture 
hollow  glass-ware. 

A  foundry  and  machine  shop  have  also  been  establised,  and  the 
machinery  of  the  Pomeroy  Rolling-mill  is  now  in  process  of  removal. 
Land  and  fuel  are  offered  free  to  these  and  to  all  manufacturers. 

The  gas  supply  of  the  town  is  small,  compared  with  that  of  Findlay. 
The  corporation  limits  seem  to  be  located  on  the  extreme  northern  edge 
of  the  productive  territory,  and  paying  wells  are  first  found  a  mile  or 
more  to  the  south  of  the  court-house.  Of  this  southern  district,  an  ac- 
count has  already  been  given.  While  the  volume  of  these  wells  is  com- 
paratively small,  their  pressure  is  high,  and  the  supply  seems  ample  for 
all  the  present  and  prospective  needs  of  the  town.  The  town  has  been 
wise  and  energetic  as  well  as  fortunate,  and  is  reaping  very  great  advan- 
tages from  its  newly  found  store  of  power. 

No  diminution  of  pressure  has  been  thus  far  observed  in  the  field. 

The  Portage  Well. 

The  township  of  Portage,  next  south  of  that  in  which  Bowling  Green 
is  located,  has  been  already  named  in  several  connections.  It  constitutes, 
in  fact,  the  gas  territory  on  which  Bowling  Green  is  mainly  dependent, 
and  it  therefore  really  comes  under  this  last-named  field,  but  one  im- 
portant well  that  was  drilled  here  early  in  1886  remains  to  be  described. 
It  is  known  as  the  Portage  well.  It  was  drilled  by  R.  S.  McMahan,  for 
the  sole  purpose  of  obtaining  fuel  for  lime  production.  The  well  has 
proved  the  best  in  the  entire  district.  Its  record  is  nearly  identical  with 
the  records  already  given,  but  its  flow  of  gas  is  natural,  that  is,  the  well 
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has  not  been  shot.  It  has  never  yet  been  tubed  and  packed,  and  all  its 
surplus  gas,  after  supplying  two  lime-kilns,  has  been  burned  in  the  air* 
What  is  used  in  the  kilns  is  a  small  fraction  of  the  production  of  the 
well.  At  the  least  calculation  500,000,000  cubic  feet  of  gas  have  been 
lost  from  this  single  well  since  it  was  brought  in.  The  amount,  indeed, 
is  far  larger  than  this.  The  daily  production  of  the  well  slightly  ex- 
ceeds a  million  feet.  The  figures  are  as  follows,  viz.,  1,010,880  cubic 
feet  per  day.  The  open  pressure  in  a  two-inch  pipe  at  the  well-head,  is 
one  and  one-half  pounds.  In  the  calculation  of  the  waste  of  the  surplus, 
210,880  feet  were  counted  for  the  lime-kilns,  and  800,000  for  the  surplus, 
but  the  amount  named  for  the  kilns  is  far  in  excess  of  their  use. 

Mr.  McMahan  has  built  two  patent  lime-kilns,  with  a  capacity  of 
100  barrels  each  day.  He  burns  the  Niagara  limestone,  which  he  finds 
in  characteristic  excellence.  He  has  availed  himself  of  the  experience 
of  Bowling  Green  in  this  line  of  manufacture,  and  has  perhaps  improved 
upon  it.  At  all  events  he  has  secured  as  good  results  as  any  one  in  the 
field. 

To  the  south  of  the  village  of  Portage,  a  sag  in  the  strata  occurs,  as 
is  evidenced  by  the  appearance  of  the  Waterlime  as  a  surface  rock.  Two 
wells  have  recently  been  drilled  in  Sec.  16,  Portage  township,  which 
show  an  abrupt  descent  of  the  series.  The  Dewitt  well,  in  the  N.  B.  ^, 
found  the  Trenton  at  1134  feet,  or  about  441  feet  below  tide.  The  rock 
lay  a  little  too  low  for  dry  gas.  A  large  volume  of  gas  appeared,  but  a 
spray  of  oil  comes  with  it  and  destroys  the  value  of  the  well.  Near  the 
S.  W.  ^  of  same  section,  the  Kinney  well  found  the  Trenton  at  1268 
feet,  or  575  feet  below  tide.  The  fall  of  the  oil-rock  is  seen  to  be  134 
feet  in  less  than  one  mile.  The  Kinney  well  was  promptly  overrun  with 
salt-water.  This  sag  cuts  off  all  connection  between  the  Findlay  and 
Bowling  Green  gas  fields. 


THE  LIMA  OIL-FIELD. 
Discovery  of  Oil  at  Lima. 

Lima  was  the  next  town  after  Bowling  Green,  or  the  third  in  order 
in  the  new  field,  to  try  fortune  by  the  drill.  An  important  railroad 
center,  already  actively  engaged  in  many  lines  of  manufactures,  full  of 
energy  and  enterprise,  and  able  to  command  sufficient  capital  for  all 
promising  ventures,  it  was  easy  to  see  that  such  a  flow  of  natural  gas  as 
Findlay  had  secured  would  be  of  immense  advantage  here.  The  drill 
was  first  set  to  work  by  the  Lima  Straw  Board  Works,  under  the  ener- 
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getic  and  sagacious  direction  of  B.  C.  Faurot,  Egq.,  and  upon  the  grounds 
of  the  company. 

Work  was  begun  in  the  spring  of  1885,  by  Brownyar  and  Martin, 
contractors.  There  was  a  double  purpose  in  drilling  at  the  Paper-mill, 
a  better  quality  of  water  for  manufacturing  purposes  being  much 
desired,  as  well  as  a  supply  of  natural  gas. 

The  well  was  located  within  the  grounds  of  the  paper-mill  and  on 
the  bank  of  the  Ottawa  River,  the  casing  having  an  elevation  of  about 
850  feet  above  tide-water.  The  drillers  had  by  this  time  learned  the 
general  order  of  the  strata  to  be  expected,  and  consequently  failed  to 
keep  the  record  of  the  drilling  with  as  much  care  as  in  the  fields  first 
explored;  but  the  section  penetrated  was  seen  to  be,  in  the  main, 
identical  with  the  longer  sections  of  the  Findlay  wells.  The  lower 
limestone  was  reached  at  a  depth  of  about  1,250  feet,  or  about  400  feet 
below  tide-water.  A  little  gas  had  been  found  in  descending  through 
the  shale,  enough  to  light  the  mill  in  considerable  part;  but  when  the 
drill  struck  the  Trenton  limestone  without  releasing  any  additional 
amount,  it  was  a  serious  disappointment  to  all  concerned.  This  disap- 
pointment was  somewhat  relieved  by  the  discovery  of  oil  at  the  point 
where  gas  was  looked  for;  but  still  the  program  had  been  arranged  for 
gas,  and  the  utilization  of  oil,  even  if  found  in  large  enough  quantities 
to  be  valuable,  was  a  much  less  simple  matter.  But  the  well  having 
proved  a  failure  as  a  source  of  gas,  the  only  thing  to  be  done  with  it  was 
to  treat  it  as  an  oil-well.  It  was,  accordingly,  ^*shot"  with  a  charge  of 
rack-rock,  with  apparently  good  results,  and  was  forthwith  tubed,  packed 
and  pumped.  During  the  first  six  days  it  yielded  more  than  200  barrels 
of  oil,  carrying  some  salt-water.  Mr.  W.  M.  Martin,  the  contractor  in 
charge,  estimated  it  at  the  time  as  an  eighteen-barrel  well,  this  being 
the  most  favorable  view  that  could  be  taken  of  it.  The  oil  was  like  that 
found  in  the  first  Findlay  well,  dark  in  color,  low  in  gravity,  and 
ofTensive  in  odor.  To  those  acquainted  only  with  oils  of  the  Pennsyl- 
vania type,  these  characteristics  seemed  to  condemn  the  new  supply. 

But  the  news  that  Lima  had  '^struck  oil"  at  once  attracted  the 
attention  of  the  wakeful  men  who  have  control  of  the  great  petroleum 
interests  of  the  country.  The  possibility  of  a  new  oil-field  came  at  an 
opportune  time.  For  nearly  a  year,  in  spite  of  multiplying  wells, 
petroleum  production  had  fallen  below  consumption,  and  stocks  at  the 
great  centers  were  being  steadily  reduced.  To  most  of  the  visitors  to 
the  new  district,  and  to  most  of  the  oil  operators  who  inquired  as  to  its 
capabilities,  however,  there  seemed  but  little  promise.  All  of  the  con- 
ditions were  unusual;  the  surface  of  the  country  was  flat;  its  elevation 
above  the  sea  was  comparatively  small;  and,  worst  of  all,  the  producing 
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rock  was  a  limestone.  In  addition  to  this,  and  in  consequence  of  the 
last-named  fact,  sulphur  compounds  abounded  in  the  water,  gas  and  oil 
of  the  wells  to  an  unusual  degree.  These  facts  were  enough  to  discour- 
age many  who  would  have  eagerly  followed  up  equal  indications  of  oil, 
if  conformed  to  previous  experience.  The  representative  of  an  important 
Pennsylvania  company,  however,  I.  E.  Dean,  Eeq.,  who  was  among  the 
first  to  visit  Lima  in  this  interest,  had  been  engaged  at  one  time  in  the 
Canada  oil-field,  and  was  thoroughly  conversant  with  its  history  and 
value.  Mr.  Dean  was  the  first  to  recognize  the  possibilities  here,  and 
with  his  intelligent  and  energetic  administration,  much  of  the  present 
development  has  been  connected.  The  Trenton  Rock  Oil  Company, 
organized  by  him,  has  had  a  prominent  place  in  the  development  of  the 
new  territory.  Much  of  the  earlier  work  undertaken  by  this  company 
has  had  its  only  value  in  defining  the  field.  Its  first  five  wells  all 
proved  complete  failures.  These  wells  were  located  on  the  northeast 
lines  derived  from  Pennsylvania  experience,  and  so  also  was  the  bulk  of 
the  extremely  large  acreage  of  drilling  privileges  belonging  to  the  Tren- 
ton Company.  In  fact  the  company  secured  a  broad  and  almost  con- 
tinuous belt,  extending  from  Lima  to  Findlay,  and  within  which  it  was 
supposed  the  principal  possibilities  of  the  field  would  necessarily  be  in- 
cluded, but  history  did  not  repeat  itself  in  this  respect.  These  north- 
east lines  and  belts  were  soon  found,  by  the  discerning,  to  be  entirely 
without  significance,  so  far  as  oil  accumulation  was  concerned.  Nearly 
all  of  the  best  production  lies  outside  of  the  belt  which  was  first  occu- 
pied, and  those  who  came  last  were  driven  to  locate,  to  their  own  great 
profit,  in  what  has  proved  the  most  prolific  portion  of  the  entire  field. 

The  discovery  of  oil  at  Lima  was  made  in  the  way  described,  but 
the  second  well,  known  also  as  the  Citizens'  well,  had  also  a  very  im- 
portant office  in  the  authentication  of  the  new  field.  Soon  after  the 
presence  of  oil  in  the  Trenton  limestone  had  been  demonstrated,  a  num- 
ber of  public-spirited  gentlemen  efTected  an  organization  under  the  name 
of  the  Citizens'  Gas  Company,  the  specific  object  of  which  was  to  obtain 
for  themselves,  with  reference  to  the  interest  and  advantage  of  the  town, 
the  actual  facts  as  to  the  existence  and  production  of  oil  here.  It  was 
an  honorable  office  that  was  assigned  to  this  well,  and  it  efiectively 
served  the  purpose  for  which  it  was  drilled.  In  intrinsic  importance 
in  the  development  of  the  field,  it  stands  scarcely  second  to  the  pioneer 
well.  It  is  to  be  credited,  in  fact,  with  yielding  the  first  regular  and 
persistent  supply  of  petroleum  from  the  Trenton  limestone  in  Ohio,  the 
pioneer  well  meeting  with  a  series  of  misfortunes  that  left  it  useless.  It 
was  completed  in  the  fall  of  1885,  and  it  began  its  course  as  a  forty  or 
forty-five  barrel  pumping  well.    It  showed,  from  the  first,  steadiness  and 
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reliability.  In  December,  1885,  it  yielded  1,450  barrels  of  oil,  and  in 
the  first  three  months  of  1886,  it  produced  an  average  of  twenty-six 
barrels  per  day.  It  was  the  oil  of  this  well  that  was  first  sent  to  the 
refineriea  of  the  country  to  be  tested  on  a  large  scale,  and  the  results 
obtained  trom  such  examinations  were  believed  to  establish  the  fact 
that  Lima  oil  could  be  thoroughly  deodorized  and  made  to  yield  a  good 
percentage  of  illuminating  oil  of  the  finest  character. 

The  two  wells  now  described  determined  by  their  behavior  the  fact 
that  Lima  was  henceforth  to  be  counted  an  oil-field.  Since  their  com- 
pletion, and  the  consequent  authentication  of  the  new  territory,  the 
development  has  been  very  rapid  and  successful,  and  the  field  has  risen 
in  importance  until,  at  the  present  time,  it  is  unquestionably  not  on  y 
the  most  important  oil-field  that  Ohio  has  ever  had,  but  by  all  odds  the 
most  important  field,  so  far  as  the  posibilities  of  production  are  con- 
cerned, yet  found  on  the  American  continent.  If  second  to  any  field  in 
the  world,  it  is  only  to  the  wonderful  fountains  of  Baku,  on  the  shores 
of  the  Caspian.  On  April  1, 1885,  the  pionee'r  well  was  drilled.  Nearly 
a  year  was  required  to  convince  the  drilling  community  that  there  was 
a  field  here  worthy  of  development.  In  April,  1886,  14  wells  had  been 
drilled;  on  May  1,  there  were  22  wells;  on  June  1,  34;  on  July  1,  57 ;  on 
September  1,  128;  on  October  1,  139  producing  wells;  on  November  1, 
165  producing  wells.  Of  the  October  number,  165,  nineteen  are  flowing 
wells,  seventeen  have  been  abandoned,  and  the  rest  are  pumping  wells 
of  varying  capacities.  Counting  the  united  yield  of  each  well  to  con- 
tinue through  the  month,  the  daily  yield  in  September  was  about  4,500 
barrels ;  in  October,  about  7,000  barrels,  in  Novepaber,  about  8,300 ;  in 
December  9,500  barrels;  in  January,  1887,  8,500  barrels;  in  February 
11,700  barrels ;  in  April  10,400  barrels.  The  number  of  wells  drilled  at 
this  time  was  424.  Of  the  20  wells  drilled  in  April,  but  one  was  dry. 
The  average  production  of  these  20  wells  was  81^  barrels.  The  arrested 
development  of  the  field  will  be  explained  on  a  later  page. 

The  topography  and  the  geology  of  the  district  will  next  be  briefly 
discussed,  after  which  a-  succinct  history  of  the  field  will  be  given. 

Topography  of  thb  Lima  Field. 

The  surface  of  Lima  and  its  immediate  vicinity  is  not  as  monotonous 
as  that  of  many  other  portions  of  northwestern  Ohio.  It  has  more  relief 
than  either  of  the  districts  already  described,  and  yet  its  range  will  not 
exceed  fifty  or  seventy-five  feet. 

The  elevation  of  the  intersection  of  the  three  roads  that  cross  the 
northern  part  of  the  town  is  variously  given.    Bach  road,  in  fact,  reports 
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an  elevation  of  its  own.    In  Gannett's  list  (United  States  Geological 
Survey)  they  are  given  as  follows,  viz. : 

Dayton  and  Michigan  Railroad ! 859  feet. 

Lake  Erie  and  Western  Railroad 886    " 

Pittsburgh,  Ft.  Wayne  and  Chicago  Railroad 779    " 

The  last  figure  is  clearly  an  error,  and  probably  an  error  of  an  even 
100  feet.  The  D.  and  M.  figure  probably  needs  correction  by  an  addition 
of  eight  feet  for  the  newly  determined  level  of  Lake  Erie  (573  feet  above 
tide-water  instead  of  565  feet  above).  Mr.  Thomas  Jackson,  Division 
Engineer  of  the  P.,  Ft.  W.  &  C.  Railway,  from  the  records  of  his  office, 
gives  the  elevation  of  the  point  in  question  as  873.5  feet.  The  Chicago 
and  Atlantic  Railway  on  the  south  side  of  the  town  reports  \  03  feet  as 
the  elevation  of  the  iron  on  the  track  at  its  Lima  Station.  Inasmuch 
as  the  figures  of  the  Lake  Erie  and  Western  Railway  have  been  used  in 
the  Findlay  field,  they  being  the  only  ones  accessible  there,  they  will 
also  be  adopted  here,  although  it  is.  probable  that  they  are  about  twelve 
feet  above  the  real  level. 

The  range  between  850  and  900  feet  will,  probably,  reach  almost 
every  point  in  the  uplands  in  and  around  Lima. 

The  valley  of  the  Ottawa  River,  which  flows  through  the  town, 
makes  the  chief  feature  in  its  relief.  With  the  main  valley,  the  valleys 
of  the  tributary  streams  must  also  be  reckoned.  The  elevation  of  the 
comparatively  narrow  bottom  lands  in  these  valleys  is  not  far  from  850 
feet. 

The  facts  now  given  will  enable  the  reader  to  understand  the  chief 
features  in  the  topography  of  Lima.  In  the  map  which  accompanies 
this  report,  the  locations  of  all  the  oil-wells  drilled  to  date,  within  the 
limits  of  Lima  and  in  the  immediately  adjacent  territory,  are  indicated, 
and  the  elevation  above  sea-level  of  a  number  of  the  wells  is  given,  such 
figures  being  enclosed  in  squares. 

Geology  of  thk  Lima  Field. 

a.     Oeologicai  Section. 

The  geological  section  found  at  Lima  is  identical  with  the  longer 
sections  at  Findlay.  Drift-beds  cover  the  entire  surface  to  a  depth  vary- 
ing from  eight  feet  to  one  hundred  feet.  The  surface  rock  is  the  Water- 
lime,  or  Lower  Helderberg  limestone.  It  appears  in  the  bed  of  the  river 
and  in  many  of  the  tributary  streams  of  the  neighborhood.  In  physical 
characters,  the  stone  agrees  with  the  formation  generally  throughout 
northern  Ohio,  but  some  of  these  characters  are  more  fully  developed 
here  than  at  other  points.    The  rock  is  extremely  compact  and  strong 
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at  several  exposures.  It  is  also  darker  blue  in  color  than  is  common. 
Furthermore,  it  is,  in  some  localities,  unusually  fossiliferous  for  this 
formation.  The  fossils  contained*  in  it  are  different,  to  some  extent, 
from  those  that  are  counted  characteristic.  Among  the  forms  identi- 
fied here,  Meristina  sulcata  is  the  most  abundant,  while  the  common  Le- 
perditia  is  rare  or  wanting.  Sections  of  the  limestone,  twenty  to  thirty 
feet  in  thickness,  are  shown  in  the  town  quarries,  but  this  depth  is 
maintained  only  by  the  constant  use  of  the  pump,  the  floor  being  be- 
low the  level  of  the  water  in  the  river  bed. 

Underneath  the  Waterlime,  the  Niagara  limestone,  the  Niagara  shale 
and  the  Clinton  limestone  and  shale  are  found  in  all  of  the  wells,  con- 
stituting,  with  the  first-named  stratum,  the  so-called  '^  upper  limestone'' 
of  the  drillers.  The  whole  series  is  commonly  called  by  them  the  Niagara 
limestone.  The  entire  series  is  here  350  to  400  feet  thick.  The  separate 
divisions  of  it  are  not  recognizable,  as  a  rule,  in  the  well  records,  but  it 
is  certain  that  the  several  elements  appear  in  all  of  the  drillings,  when 
proper  care  is  given  to  the  keeping  of  the  record. 

The  Niagara  shale  is  a  water  horizon,  and  the  Clinton  group  proba- 
bly includes  both  limestones  and  shales.  It  seems,  also,  to  have  a  greater 
thickness  here  than  it  has  in  its  southern  outcrops. 

The  Medina  shale  appears  here  as  a  blue  and  hard  slate.  The  char- 
acteristic red  color  has  not  been  reported  in  any  Lima  well  as  yet,  but  it 
is  quite  likely  to  be  found  in  the  wells  to  be  drilled,  inasmuch  as  it 
almost  uniformly  appears  to  the  north,  the  east,  and  the  south  of  Lima, 
and  sometimes  to  the  westward.  The  thickness  of  the  Medina  cannot 
be  given  with  precision. 

The  Hudson  River  shales  are  blue  and  gray,  and  contain  many,  but 
thin,  layers  of  limestone.  The  entire  series  is  about  600  to  550  feet 
thick. 

The  Utica  shale  is  dark -brown,  verging  at  its  base  into  black.  It 
is  about  300  feet  in  thickness.  The  entire  shale  formation  is  840  to  850 
feet  thick,  but,  as  already  intimated,  the  subdivisions  of  it  are  not,  in 
all  cases,  separated  from  each  other  by  sharp  and  recognizable  boundary 
lines. 

The  Trenton  limestone  that  comes  next  below  is  the  oil-rock.  It  is 
not  generally  penetrated  more  than  fifteen  to  twenty-five  feet  in  the 
Lima  wells.    The  following  divisions  of  it  seem  fairly  constant,  viz.: 

Hard-cap,  crystalline  limestone 8  to   7  feet 

Oil-rock,  very  porous  generally 7  to  15    '* 

Salt-rock,  hard  and  fine-grained,  and  yielding  strong  brine. 

In  the  cap  some  gas  is  generally  found,  and  sometimes  a  little  oil. 
The  oil-rock  is  often  divisible  into  more  than  one  oil-producing  horizon. 


PETBOLEUM  AND  NATUBAL  GAS. 


171 


When  two  or  more  horizons  are  found,  they  are  generally  separated  from 
each  other  by  four  to  six  feet.  The  porosity  of  the  oil-rock,  which  is 
marked,  is  due  to  the  imperfect  interlocking  of  the  dolomitic  crystals  of 
which  it  consists.  It  is  entirely  crystalline  in  structure,  and  no  fossils 
have  been  detected  in  this  part  of  the  stratum  when  it  holds  the  dolo- 
mitic character  referred  to  above.  The  salt-rock  is  merely  a  firm,  hard 
phase  of  the  limestone. 

This  whole  Trenton  series,  as  found  here,  is  known  by  the  drillers 
as  sand.  They  distinguish  the  divisions  already  named  as  the  upper, 
or  gas-sand,  the  oil-sand,  the  salt-sand,  etc.  They  sometimes  go  so  far 
as  to  identify  a  first,  second,  and  third  oil  sand.  All  this  is  imported 
from  Pennsylvania  experience.  Oil  and  gas,  in  the  great  eastern  fields, 
are  almost  entirely  confined  to  sand-rocks,  and  in  the  original  or  Ve- 
nango field,  there  were  three  of  these  sandstone  strata  included  within 
360  to  500  feet  that  were  the  repositories  of  the  great  stores  accumulated 
there.  The  three  oil-sands  of  Venango  were  made,  as  new  fields  were 
discovered,  to  do  universal  service,  even  in  entirely  distinct  and  widely- 
separated  horizons.  It  has  just  been  shown  that  they  are  brought  down 
a  dozen  steps  in  the  scale  and  made  to  apply,  also,  to  mineralogical 
changes  of  limestones  of  ordinary  type. 

The  Lima  oil-rock,  like  the  Trenton  throughout  the  northwest  gen- 
erally, is  a  magnesian  limestone,  containing  from  twenty-four  to  thirty- 
nine  per  cent,  of  carbonate  of  magnesia.  The  composition  is  shown  in 
the  following  analyses.  For  comparison,  the  composition  of  the  same 
stratum  at  a  few  other  points  in  the  vicinity  is  here  given,  and  a  single 

1.  Lima  well,  No.  1. 

2.  Woolsey  well,  lima. 
8.    Hame  well,  Lima. 

4.  Findlay  well,  No.  1. 

5.  Bowling  Green  well,  No.  1. 

6.  Bryan  Well,  No.  8. 


1 

2 

8 

4 

6 

6 

Carbonate  of  lime 

62.66 

87.68 

4.16 

66.90 

88.86 

.76 

2.94 

1.66 

68^6 

24.20 

6.10 

2.76 

4.49 

68.30 

48.08 

1.70 

1.26 

61.78 

86.80 

4.89 

4900 

Carbonate  of  magnesia 

Inflolable  reaidae *. 

8a69 
9J22 

Oxide  of  iron  and  alnmina ...... 

161 

Oiganic  matter  and  loss.. 

100.00 

100.00 

9832 
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The  oil  rock  is  seen  to  be,  as  already  claimed,  a  limestone  of  fair 
composition.  AH  of  it  could  be  barned  into  good  lime,  and  some  of  it, 
as  that  from  the  Woolsey  well,  would  make  lime  of  the  highest  quality. 
All  the  '^sand"  that  belongs  to  it  must  be  included  in  the  one  to  ten 
per  cent,  of  '^  insoluble  residue,"  and  this  is  by  no  means  all  sand  or 
silica.  There  is,  in  fact,  as  little  true  '^sand"  in  the  limestone  of  the 
oil-field  as  in  any  other  rock  formation  of  the  state.  It  is  greatly  to  be 
regretted  that  such  a  misnomer  should  be  fastened  upon  the  Trenton 
limestone,  one  of  the  most  widely  distributed  and  most  definitely  char- 
acterized formations  of  the  entire  geological  scale  of  the  country. 

There  was  no  minute  account  kept  of  the  strata  traversed  in  the 
pioneer  well  at  Lima,  as  has  been  already  stated,  but  among  the  early 
wells  of  the  town,  the  progress  of  one  put  down  by  the  Gas  Company, 
near  the  city  gas-works,  was  followed  with  care  and  intelligence.  This 
record  has  been  kindly  furnished  to  the  survey  by  Mr.  A.  C.  Reichelderfer, 
Secretary  of  the  company.    It  is  as  follows : 

Drift 18  feet. 

Limestone  beginning  at..... 18  " 

Sulphar  water,  large  vein,  at 128  " 

White  limestone,  "marble"  at 268  " 

Blue  limestone  at 828  " 

Limestone  with  slate  streaks  to 885  " 

Shale,  with  no  more  water,  begins  at 896  ** 

Brown  shale  at 880  ** 

Black  shale,  thin,  begins  at 1,228  " 

Oil-rock,  hard  shell,  struck  at 1,248  " 

Oil-producing,  best 1,266  " 

Salt-rock,  softer,  (?)  aloshy 1,260  " 

In  the  light  of  the  facts  already  stated,  the  interpretation  of  the 
series  here  displayed  is  obvious.    It  can  be  generalized  as  follows : 

Drift 18  feet 

Waterlime. 
Niagara  limestone. 

Niagara  shale.  400  feet. 

Clinton  limestone. 
Clinton  shale. 

Medina  and  Hudson  River  shales 450  feet. 

Utica  shale 860  feet. 

The  subdivisions  of  the  several  elements  it  is  not  always  possible 
to  dearly  make.  For  example,  we  are  not  able  to  say  just  what  number 
of  feet  in  the  Upper  Silurian  limestones  belongs  to  the  Waterlime  or 
the  Niagara  or  Clinton  limestones.  The  last-named  stratum  is  probably 
thicker  in  northern  Ohio  than  to  the  southward.  It  embraces  blue  and 
white  limestones,  alternating  with  thin  beds  of  shale.    Occasionally  % 


Upper  Silurian  limestones.. 
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band  of  red  limestone  is  found  at  this  horizon.    An  approximate  gen- 
eral section  for  the  Lima  district  would  probably  be  about  as  follows : 

Waterlime 100  to  600  feet 

Niagara  limeBtone  and  shale 260  " 

Clinton  limestone  and  shale 100  " 

Medina  shale 60  " 

HadsonRiver shale «  660  ** 

Utica  shale 260  to  800  " 

Trenton  limestone. 

The  geological  section  of  the  Lima  field  has  now  been  given.  From 
the  statements  made,  it  is  seen  that  under  beds  of  drift  varying  widely 
in  amount,  a  compound  series  of  limestones  is  met  which  ranges  from 
300  to  400  feet  in  thickness*  Beneath  the  limestones,  860  feet  of  shales, 
gray  or  greenish-blue  in  the  upper  half  and  dark  in  the  lower,  are  found. 
Under  the  shales,  and  separated  from  them  by  a  boundary  generally  as 
distinct  as  a  chalk-line  on  a  blackboard,  lies  the  Trenton  limestone. 
Its  depth  below  the  surface  is  1,200  to  1,250  feet. 

b,     Oeological  Structure, 

The  geological  structure  of  this  field  remains  to  be  briefly  described. 
Under  this  head,  the  dip  or  inclination  of  the  strata  is  the  principal 
topic  to  be  considered.  If  faults  or  fractures  were  to  be  found,  they,  too, 
would  come  under  this  head.  The  main  interest  centers  in  the  facts 
pertaining  to  the  Trenton  limestone,  whether  lying  relatively  high  or 
low  at  any  point,  as  gas,  oil,  and  salt-water  adjust  themselves  in  this 
respect  with  great  nicety  to  its  varying  levels  with  reference  to  the 
adjacent  territory.  It  has  been  already  stated  that  the  drift  deposits, 
by  which  the  surface  of  the  country  is  covered,  are  unequal  in  thickness 
in  different  localities.  These  inequalities  correspond  to  the  inequalities 
in  the  surface  of  the  Waterlime,  or  upper  limestone,  and  not  to  its  dip, 
as  is  often  supposed.  Before  the  drift  beds  were  brought  in,  the  lime- 
stone floor  of  the  country  was  very  extensively  eroded,  deep  channels 
being  cut  in  it  for  the  former  drainage  systems  of  the  land.  These 
ancient  furrows  were  smoothed  over  by  the  drift,  as  the  furrows  of  a 
plowed  field  are  obliterated  by  a  driving  snow-storm.  The  only 
determination  of  dip  that  is  possible  must  be  based  on  the  level  of  the 
lower  surface  of  the  upper  limestones,  or  on  the  level  of  the  upper 
surface  of  the  Trenton  limestone,  these  being  the  only  horizons  at  Lima 
that  are  definitely  and  certainly  recognizable.  As  established  by  the 
numerous  wells  in  the  Lima  district,  the  Trenton  limestone  here  lies  as 
nearly  level  as  any  sheet  of  rock  is  ever  found.  There  is  a  slight  gen- 
eral declination  to  the  northward,  but  there  are  many  square  miles  in 
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which  this  feature  scarcely  shows  itself.  In  one  square  mile,  for 
example,  on  which  fifty  or  more  wells  have  been  drilled,  the  extreme 
range  of  difference  in  the  depth  at  which  the  Trenton  was  found,  is 
sixteen  feet,  and  excluding  a  single  well,  the  range  is  only  nine  feet. 
Two  wells,  one  mile  distant  from  each  other,  in  a  north  and  south  line, 
differ  but  three  feet  in  the  depth  at  which  the  Trenton  was  struck,  and 
two  wells  a  mile  distant  in  an  east  and  west  line,  found  the  limestone 
at  exactly  the  same  level.  Taking  a  longer  range  in  an  approximately 
north  and  south  line,  viz.,  from  the  Christ.  Martin  well,  section  20, 
Perry  township,  to  the  Hoffman  well,  section  17,  Bath  township,  a 
distance  of  six  and  a  half  miles,  the  fall  is  found  to  be  fifty-seven  feet, 
an  average  of  nine  and  a  half  feet  to  the  mile.  This  exceeds  the  normal 
descent  of  the  Trenton  limestone  in  Ohio,  and  it  is  important  to  note 
how  the  descent  is  distributed.  From  the  Martin  to  the  McDonald  well. 
No.  1,  a  distance  of  one  mile,  there  is  a  fall  of  two  feet,  while  to  the 
adjacent  McGlain  well  there  is  a  rise  of  one  foot.  For  this  mile,  there- 
fore, the  rock  lies  level.  From  the  Martin  well  to  the  Hogle  well,  a 
distance  of  one  and  a  half  miles,  there  is  a  fall  of  six  feet,  and  to  the 
Ditzler  well,  two  miles,  a  fall  of  nine  feet.  From  the  Martin  well  to 
the  Faze  well,  a  distance  of  three  and  a  half  miles,  the  fall  is  twenty-six 
feet,  but  to  the  next  well  on  the  same  line,  viz.,  the  McCuUough  wells, 
Nos.  1  and  2,  the  fall  is  but  twelve  feet.  This  makes  nearly  the  north- 
ern limit  of  good  oil  ground,  as  at  present  known.  From  the  Martin 
well  to  the  Collins  well,  a  distance  of  four  and  a  half  miles,  the  descent 
is  twenty-four  feet,  but  the  Collins  well  lies  outside  the  present  limit  of 
productive  territory,  certainly  by  half  a  mile.  From  the  McCuUough, 
No.  2,  to  the  Hoffman  well,  the  fall  is  forty-five  feet,  which  shows  the 
rate  to  be  fifteen  feet  to  the  mile  for  this  part  of  the  region  here  included. 
Taking  an  east  and  west  line  through  the  southern  part  of  the  corpor- 
ation of  Lima,  we  obtain  an  instructive  section.  Beginning  with  the 
Ashton  well  on  the  west,  in  which  the  Trenton  was  found  402  feet  below 
tide,  and  moving  to  the  eastward,  we  find  the  Dingledine  at  392  feet, 
the  Simons  well.  No.  1,*  at  388  feet,  the  Garvey  well,  at  381  feet,  the 
McCuUough  weUs,  Nos.  1  and  2,  at  388  and  389  feet,  the  Shade,  No.  1,  at 
390 feet,  the  Faze  (abnormal)  at  402  feet,  the  Tunget  at  386  feet,  the 
French  at  387  feet,  and  the  Parker  at  408  feet.  South  of  the  Parker  are 
the  Heffner  and  the  Tapscott,  at  406  and  404  feet,  respectively.  The 
length  of  the  line  traversed  is  four  miles.  There  is  a  difference  in  the 
extreme  stations  of  six  feet  in  the  level  of  the  Trenton,  but  the  Faze 
well,  in  the  middle  of  the  line,  is  at  the  exact  level  of  the  initial  well. 
But  the  fact  of  special  interest  is  that  neither  of  the  extremes  is  pro- 
ductive, nor  is  the  Faze  weU,  while  a  line  of  excellent  wells  occupies 
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the  middle  ground  and  higher  elevations.  The  Simons,  No.  1,  the  Shade, 
the  McGullough,  the  Tunget,  and  the  French,  the  extremes  of  which  are 
three  miles  apart,  show  the  level  of  the  oil-rock  to  be  388,  390,  389,  388, 
386,  and  387  feet,  respectively.  In  the  Garvey  gas-well,  within  the  same 
limit,  the  limestone  rises  to  381  feet.  There  is  an  intervening  dip,  or 
salt-water  swamp,  of  slight  extent,  as  shown  in  the  Faze  well. 

We  find,  therefore,  that  the  Trenton  limestone,  in  the  productive 
portion  of  the  Lima  field,  occurs  as  a  flat-lying  terrace,  with  fairly  well- 
marked  boundaries  of  steeper  descent  on  the  east,  west  and  north.  The 
southern  boundary  is  not  yet  clearly  determined,  but  the  Trenton  has  not 
been  found  productive,  thus  far,  where  it  is  less  than  370  feet  below  sea- 
level.  No  fractureS;  like  the  main  line  of  disturbance  at  Findlay,  have 
been  brought  to  light  in  this  district,  but  slight  rolls,  or  domes,  or 
hollows,  occur  within  the  terrace,  all  deviations  from  the  general  level 
not  exceeding,  for  the  most  part,  five  to  ten  feet. 

It  would  be  premature,  at  this  time,  to  discuss  the  effect  of  this 
structure  on  oil  and  gas  accumulation  in  Lima;  but  upon  a  later  page, 
after  the  leading  facts  of  production  have  been  presented,  the  subject 
will  be  again  taken  up,  and  some  important  deductions  from  the  ex- 
perience thus  far  gained  will  then  be  given.  Some  of  the  interesting 
conclusions  in  this  connection  are,  in  fact,  already  coming  incidentally 
to  light  in  the  statements  above  given. 

Development  of  the  Lima  Oil  Field. 

The  discovery  of  oil  at  Lima  has  now  been  described,  and  the  essen- 
tial features  in  the  topography  and  geology  of  the  new  field  have  been 
briefly  set  forth.  A  succinct  account  of  its  progress  and  of  its  present 
development  is  next  in  order.  In  connection  with  this,  the  character  of 
the  oil  will  here  be  treated,  and  aso  the  means  provided  for  its  transpor- 
tation, storage  and  refining. 

Lima  oil  was  discovered  in  May,  1885.  Territory  soon  began  to  be 
leased  on  a  large  scale  with  reference  to  drilling,  but  it  was  not  until 
about  the  middle  of  July  that  the  projects  for  new  work  took  definite 
shape.  Contracts  were  let  for  the  Citizens'  well  on  July  9th.  The 
coming  in  and  behavior  of  this  well  have  been  already  alluded  to  under 
the  first  section.  It  is  located  in  the  Ottawa  Valley,  near  the  center  of 
the  town.  The  casing  stands  at  an  elevation  of  842  feet  above  tide. 
About  twenty-six  days  were  occupied  in  sinking  it.  The  upper  lime- 
stones ended  at  a  depth  of  371  feet,  and  the  Trenton  was  found  at  a 
depth  of  1,236  feet,  or  395  feet  below  the  sea.  Salt-water  was  reached  in 
the  Trenton,  and  was  brought  out  with  the  first  oil  in  the  proportion  of 
one  of  salt-water  to  two  of  oil,  and  it  has  always  followed  closely  upon 
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the  oil.  Any  interruption  of  pumping  allows  the  brine  to  overpower 
the  oil,  and  the  work  is,  accordingly,  kept  up  continuously  night  and 
day.  The  city  council,  at  one  time,  required  pumping,  like  other 
branches  of  business,  to  be  suspended  on  Sunday.  The  consequence  of 
a  single  compliance  with  the  law  was,  that  the  well  ran  down  from 
eleven  inches  of  oil  in  the  tank  to  eight  and  a  half  on  Monday,  and 
was  an  entire  week  in  recovering  its  flow.  The  well  has  been  an  ex- 
pensive one.  It  has  probably  cost  more  than  $5,000,  pumping  included, 
and  it  is  doubtful  whether  it  has  earned,  all  told,  half  that  amount.  It 
was  worked  for  a  time  with  a  daily  product  of  fifteen  barrels,  but  the 
shrinking  price  of  Lima  oil  made  it  impossible  to  continue,  and  the 
well  is  now  abandoned.  Wells  have  been  crowded  in  upon  it  almost  as 
close  as  the  subdivision  of  city  lots  would  allow,  and  few  of  these  wells, 
if  any,  will  be  able  to  return  the  money  so  unwisely  invested  in  them. 
An  oil-well,  as  oil-wells  generally  go,  must  pay  for  itself  within  a  year, 
if  ever. 

The  Trenton  Rock  Oil  Company  was  busy  during  these  months  in 
proving  territory.  It  laid  out  a  line  of  wells  between  Lima  and  Find- 
lay,  and  was  interested  in  various  other  tests  that  were  going  forward 
in  the  surrounding  country.  All  the  wells  in  the  Findlay  line  proved 
unproductive,  including  the  Firmin  well,  which  was  about  two  miles 
west  of  the  Findlay  corporation  line.  Among  these  early  failures  was 
the  Hoffman  well,  which  found  the  Trenton  433  feet  below  tide,  and 
full  of  salt-water ;  the  Smith  well,  in  which  the  Trenton  was  407  feet 
below  tide  and  unproductive;  the  Snyder  well,  at  Beaver  Dam,  in  which 
the  Trenton  was  422  feet  below  tide,  and  unproductive. 

There  was  nothing  especially  encouraging  in  the  facts  that  ap- 
peared in  January,  1886,  but  on  February  2d,  the  Moore  and  Brotherton 
well  displayed,  as  it  was  brought  in,  a  vigor  not  shown  in  those  that 
preceded  it.  It  was  reported  to  have  thrown  oil  170  feet  above  the 
casing,  when  the  tools  were  first  removed,  and  was,  indeed,  the  first  to 
show  gas  enough  to  raise  the  oil.  On  the  third  day,  it  was  rated  at  70 
barrels.  During  the  month  of  February  it  produced  1,000  barrels,  and 
in  March  700  barrels,  the  energy  of  the  gas  gradually  dying  down.  In 
April,  a  pump  was  put  in  to  increase  the  flow,  but  no  advantage  was  ap- 
parent from  the  change.  The  well  gained  a  temporary  increase  from 
the  effect  of  a  torpedo,  but  at  the  present  time  it  is  not  yielding  any 
oil.  For  some  time  it  produced  gas  enough  to  keep  the  pumps  in  opera- 
tion, and  was  thus  worked  with  much  more  economy  than  those  previ- 
ously described.  The  oil-rock,  in  this  well,  was  found  397  feet  below 
tide-water. 

The  Wise  well,  located  in  the  same  immediate  neighborhood  with 
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the  two  last  described,  came  in  about  this  time.  It  has  always  been  a 
light  producer. 

A  well  of  larger  yield  and  greater  vigor  was  brought  in  early  in 
March  on  the  Shade  farm,  a  mile  to  the  southeast  of  the  town.  This 
well  deserves  to  be  counted  among  the  most  important  of  the  early  wells, 
because  of  the  great  extension  that  it  gave  to  the  limits  of  the  field. 
The  Trenton  limestone  was  found  in  it  390  feet  below  tide  water,  and 
the  flow  of  gas  was  much  more  energetic  than  had  been  found  in  any 
previous  well.  This  well  proved,  in  fact,  a  true  flowing  well.  At  first, 
it  was  reported  at  350  barrels,  but  this  was  a  greatly  exaggerated  esti- 
mate. It  retained  gas  enough  to  raise  the  oil  for  several  months.  It  is 
now  a  pumping  well,  and  is  reduced  in  daily  yield  to  twenty  barrels,  or 
thereabouts.  The  tract  in  which  it  stands  became  a  favorite  drilling 
ground,  and  a  number  of  wells  have  since  been  drilled  upon  it,  with 
more  to  follow.  Adjacent  territory  was  also  eagerly  occupied,  and 
several  wells  of  this  general  type  were  presently  found  in  this  im- 
mediate neighborhood. 

The  Ash  ton  well  was  located  to  the  west  and  south  of  the  town,  and 
was  drilled  a  little  earlier  than  those  last  described.  Neither  oil  nor 
gas  was  yielded  by  the  Trenton  limestone  here,  but  there  was  a  large 
amount  of  salt-water.  The  limestone  was  struck  at  402  feet  below  tide. 
The  failure  of  this  well  served  to  discourage  drilling  in  this  direction, 
for  a  long  while,  and,  in  fact,  but  few  attempts  have  been  made  beyond 
it,  to  the  present  date. 

On  April  20,  twenty  wells  had  been  put  down  in  the  Lima  field,  or 
by  Lima  interests,  in  the  outlying  country  between  Findlay  and  Lima. 
The  last  of  this  nunrber,  the  Hume,  was  brought  in  on  that  day,  and 
during  the  first  twenty-four  hours,  it  put  260  barrels  of  oil  in  the  tank. 
It  was,  by  a  few  feet,  the  shallowest  of  the  group  of  wells  among  which 
it  was  situated,  and,  as  has  been  shown,  it  was  also  the  most  vigorous  of 
the  group.  Its  production  was  decidedly  the  largest  up  to  this  date, 
and  all  doubt  was  now  dispelled  as  to  the  presence  of  oil  in  large  enough 
amount  and  accompanied  with  gas  of  high  enough  tension  to  make 
Lima  an  oil-field  deserving  of  the  name.  The  confidence  of  the  drillers, 
who  had  been  spending  money  so  freely  for  a  year  was  at  length 
justified,  and  the  most  conservative  observer  found  no  longer  need  for 
suspense  of  judgment.  This  well  is  located  near  the  center  of  the  town. 
The  casing  is  840  feet  above  tide.  •  The  depth  of  the  well  to  the  Trenton 
is  1.233  feet,  and  consequently,  the  level  of  the  Trenton  below  tide  is 
393  feet. 

By  this  time  it  had  become  apparent  that  oil  could  probably  be  had 
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in  greater  or  less  quantities  under  every  city  lot  in  Lima,  and  the  con- 
sequence naturally  to  be  expected  followed  forthwith.  Wells  were 
crowded  together,  two  or  three  to  the  acre,  in  some  cases.  It  will  only 
be  in  exceptional  cases  that  any  of  these  wells  will  return  the  money 
spent  upon  them ;  and,  though  the  policy  ot  drilling  in  this  fashion  was 
short-sighted  and  wasteful  to  a  high  degree,  it  was  one  of  the  inevitable 
consequences  of  the  facts  involved.  This  experience  has  now  passed, 
however.  The  drillers  lingered  around  the  valley  of  the  Ottawa  and 
the  adjacent  lots,  because,  up  to  this  time,  the  best  fortune  had  attended 
the  wells  that  were  located  here.  But  a  number  of  test  wells  in  the  out- 
lying territory,  some  of  which  have  been  already  reported,  and  especially 
to  the  east  of  south  of  the  town,  were  finished  in  the  early  summer. 
Many  of  them  showed  a  great  advance  on  all  that  had  preceded  them. 
Wells  were  brought  in  on  the  Bowman,  McClain  and  Ditzler  farms, 
yielding  respectively  125, 140  and  500  barrels  for  the  first  day.  At  about 
the  same  time,  a  fine  body  of  oil-land  was  found  three  miles  east  of  the 
town.  The  French  well,  with  300  barrels,  and  the  Tunget  well,  brought 
in  August  6, 1886,  with  700  barrels  for  the  first  day^s  flow,  divided  the 
honors  fairly  with  the  southern  area  already  noticed.  The  Tunget  was, 
for  a  while,  in  the  lead  of  the  entire  field.  In  the  first  three  months,  it 
flowed  over  14,000  barrels,  and  at  the  end  of  that  time  was  still  flowing 
at  the  rate  of  100  barrels  per  day.  It  is  producing  Sept.  1st,  1887, 25  to 
30  barrels  per  day. 

Another  fine  territory  has  since  been  developed  to  the  south  and 
west  of  the  first-named  belt  of  large  wells.  The  Spear,  the  Lehman,  the 
Ballard,  the  Hueston  wells  are  all  of  the  best  character.  In  October, 
1886,  a  well  was  finished  on  the  Douglas  farm,  directly  north  of  the 
Tunget,  that  nearly  equaled  the  latter  well,  and  that  thus  takes  its 
place  among  the  leading  producers  of  the  new  field. 

The  Douglass  well  has  yielded  up  to  August  1st,  1887,  22,788  barrels 
of  oil,  and  is  now  producing  an  average  of  at  least  60  barrels  per  day. 

The  predictions  of  experienced  operators,  that  wells  yielding  one 
thousand  barrels  per  day  would  be  struck  in  the  Lima  district,  seemed, 
when  such  predictions  were  made  in  the  days  of  twenty,  thirty  and 
forty-barrel  wells,  in  the  highest  degree  improbable  and  extravagant; 
but  those  who  watched  the  development  of  the  summer  and  fall  of  1887, 
became  less  and  less  disposed  to  question  the  possibility  of  their  truth. 
The  verification  of  these  predictions  was  reached  late  in  October,  when 
the  well  of  Collins,  Leonard  &  Co.,  on  the  Alonzo  McClain  farm.  Sec.  13, 
Shawnee  township,  was  drilled  into  the  Trenton  limestone.  It  is  lo- 
cated among  the  valuable  wells  already  named,  about  three  and  one- 
half  miles  south  of  Lima.    After  being  *'  shot "  its  first  hour's  flow  was 
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sixty- five  barrels,  and  its  first  day's  yield  was  nearly  1,000  barrels.  The 
life  of  this  great  well  is  also  remarkable.  In  its  first  9  months  flow  it 
had  produced  60,000  barrels  of  oil  and  was  flowing  at  the  end  of  this 
term  at  the  rate  of  160  barrels  par  day. 

Soon  afterwards  the  W.  6.  Fee  well  on  the  J.  W.  Ridenour  farm, 
Sec.  18,  Perry  township,  was  brought  in,  and  its  first  day's  record  left 
everything  that  had  been  thus  far  found  in  the  new  field,  far  behind. 
It  started  out  with  a  production  of  115  barrels  per  hour,  and  at  the  end 
of  24  hours  had  put  2,760  barrels  into  the  tank. 

Another  well  deserves  special  mention  in  this  connection,  because 
of  the  great  extension  that  it  promised  to  the  Lima  field.  It  is  known 
as  the  Sellers  well,  and  is  located  about  one  and  one-half  miles  east  of 
Cridersville.  The  accounts  first  published  agreed  in  representing  it  as 
a  large  well,  yielding  100  or  more  barrels  per  day.  It  is  seven  miles 
south  of  Lima,  and  lies  beyond  the  Allen  county  line.  Another  well, 
drilled  a  little  to  the  east  at  Uniopolis,  came  in  at  about  the  same  time, 
and  is  unproductive,  while  a  well  going  down  at  the  west  of  Cridersville 
sufiered  great  disadvantage  from  finding  the  drift  beds  more  than  200 
ieet  thick.  The  Phillips  well  in  Sec.  26,  Shawnee  township,  proved  a 
valuable  one,  and  it  served  to  establish  the  claim  of  a  considerable  area 
of  new  territory. 

In  the  region  around  Cridersville  another  one  of  the  prolific  pools  of 
the  Lima  field  was  presently  brought  to  light.  Wells  of  large  produc- 
tion and  great  steadiness  are  found  there.  The  Delong  and  Kemper  farms 
and  numerous  other  tracts  in  sections  33,  34  and  35,  Duchouquet  town- 
ship, Auglaize  county,  have  been  already  more  or  less  developed,  and 
prove  to'  be  first-class  territory  in'every  respect.  In  steadiness  this  part 
of  the  field  is  not  surpassed.  A  well,  for  example,  that  started  in  May 
with  150  barrels  is  found  in  August  to  be  still  flowing  eighty  barrels 
per  day. 

The  Lima  oil- field  has  now  been  briefly  reviewed.  It  is  seen  on  the 
accompanying  map  to  include  in  whole  or  in  part  the  following  territory, 
viz: 

Allen  county,  Ottowa  township,  Section  36. 

Allen  county,  Bath  township,  Section  33,  34. 

Allen  county,  Perry  township.  Section  5,  6,  7,  8,  9,  16,  17,  18,  19, 
20,  29,  30. 

Allen  county,  Shawnee  township.  Section  13,  23,  4,  5,  6,  7. 

Auglaize  county,  Duchouquet  township,  Section  2,  3,  4,  5,  31, 32,  33, 
34,  35,  36. 

Within  these  twenty-five  or  thirty  square  miles  there  are  many 
barren  tracts,  but  valuable  wells  are  in  order  throughout  the  whole.    The 
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best  territory  lies  in  patches  or  pools,  and  these  separate  pools  do  not 
show  any  system  of  arrangement  thus  far.  They  are  not  in  northeast 
lines. 

The  wells  that  have  any  suitable  advantage  in  the  matter  of  eleva- 
tion of  the  oil-rock  prove  to  be  flowing  wells.  This  spontaneous  produc- 
tion in  some  cases  is  maintained  for  a  year,  but  it  generally  ceases  in 
half  this  time.  When  the  pump  is  introduced  a  new  lease  of  life  is 
generally  obtained  for  the  wells.  Other  wells,  and  in  fact  the  majority 
require  to  be  pumped  from  the  beginning. 

Salt-water  is  often  found  in  the  oil-rock,  but  its  presence  does  not 
prove  destructive  or  even  unfriendly  to  production  in  all  cases.  As  a 
rule  it  gains  upon  the  oil  in  the  wells  in  which  it  originally  appears^ 
and  finally  overcomes  it.  In  other  wells  it  makes  its  appearance  later, 
but  it  will  doubtless  be  found  in  all  as  the  field  acquires  greatidr  age. 
It  is  often  brought  in  by  the  use  of  torpedoes  in  disastrous  floods.  Most 
wells  are  improved  by  being  shot,  but  others,  as  stated  above,  are  robbed 
of  whatever  promise  they  first  had  by  this  operation. 

As  to  the  boundaries  of  the  field,  little  needs  to  be  added.  On  the 
north  they  are  distinct,  and  there  is  no  promise  apparent  in  that  direc* 
tion.  This  boundary  depends  on  the  depth  at  which  the  Trenton  lime- 
stone is  found.  There  is  also  a  well  defined  boundary  on  the  east  and 
south,  with  but  little  promise  that  it  will  be  passed  in  any  important 
exceptions.  The  reasons  for  this  belief  are  mainly  founded  on  the  change 
in  the  composition  of  the  oil-rock  that  appears  as  it  is  followed  in  these 
directions.  It  loses  the  dolomitic  character  that  is  inseparably  connected 
with  large  production  so  far  as  present  experience  goes. 

To  the  westward,  the  boundaries  do  not  yet  appear.  There  is  room 
for  important  additions  to  the  productive  territory  on  this  side  of  the 
field.    The  northeastern  tests  have  thus  far  all  been  disappointing. 

As  to  its  capabilities  of  production,  it  need  only  be  said  that,  all  wha 
are  competent  to  judge,  rank  the  field  extraordinarily  high.  Its  develop- 
ment has  been  systematically  and  vigorously  repressed,  thus  far,  but  in 
spite  of  all  discouragements,  the  August  production  (1887)  of  Trenton 
limestone  oil  in  Ohio  exceeds  15,000  barrels  per  day.  The  present  prica 
is  fifteen  cents.  Doubling  the  price  would  undoubtedly  double  the  pro- 
duction in  less  than  90  days.  Trebling  the  price  would  in  the  opinion 
of  judicious  men  increase  the  production  to  four  times  its  present  volume 
in  less  than  180  days.  These  estimates  are  sober  and  conservative.  Intel- 
ligent operators  can  be  found  who  would  double  both  of  the  estimates 
already  made. 

The  relation  between  the  levels  at  which  the  Trenton  limestone  is 
reached  in  the  wells,  and  their  production  of  oil  and  gas  has  been 
adverted  to  already  in  several  connections.    The  following  list  of  well& 
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Name  of  well. 


Trenton  limestone 
below  eea-level. 

First  day's  pro* 
daction. 

375  feet  (well  shot). 

376  " 

378    "    

140  barrels. 

20 

70       " 

381    " 

382    " 

125  barrels. 

382    " 

50       " 

383    " 

600      " 

384    " 

16        " 

386    ** 

700  barrels. 

387    " 

300      " 

387    " 

70       «* 

887    " 

70       " 

888    *' 

20       <* 

388    '< 

888-  " 

10  barrels 

389    '' 

10       " 

389    " 

10       " 

389    '* 

20       •* 

390    " 

20       " 

891    " 

391    " 

40  barrels. 

391    " 

40       " 

391    " 

30       " 

392    " 

8         " 

392    '' 

10       " 

892    " 
392    " 



80       " 
250      " 

394    " 

395    " 
395    '* 



20       " 
85       '' 

396    ** 

10       " 

396    " 

80       *' 

396    " 

8         " 

397    " 

10       ** 

897    " 

12       " 

399    '* 

AhAndnnnH. 

400    " 

t« 

402    '* 

(4 

402    " 

It 

403    *' 

(t 

404    " 

u 

404    " 

ti 

405    " 

« 

406    " 

II 

407    *• 

«i 

408    " 

if 

408    '' 

(( 

410    " 

(« 

416    " 

«c 

421    ** 

it 

432    " 

It 

433    " 

tt 

AmosMcClaln 

Christ.  Martin 

McDonald,  No.  1 

Garvey's  Gas  Well 

Bowman 

Hogle 

DitEler.. 

D.  Martin 

Tnnget.. 

French 

Lehman 

Apple 

McOolloagh,  No.  2 

Steelsotiith 

Simons,  No.  1.. 

Locke 

Sarah  Jacobs 

McCallough,  No.  1  

Shade,  No.  1 

Wheeler  Well 

Reese,  No.  2 

Reese,  No.  3 

Holmes,  No.  1 

Harrod 

Dingledine 

Reese,  No.  4 

Hume 

Gas  Company's  Well.... 

Paper-mill,  No.  2 ... 

Citizens' 

Reichelderfer  

Holmes,  No.  2  

Chicago,  No.  1 

Fritz- 

Moore  and  Brotherton  . 

Simons,  No.  2 

Collins.. 

Ashton 

Faze.. 

Ehrich 

Hefner.. 

Boose 

Tapscott 

Woolsey 

Smith 

Roberts 

Parker 

Woolet 

Cole 

May 

Hadsell 

Hoffman 


in  which  the  levels  of  the  limestone  have  been  determined  illustrateB 
this  subject  in  a  striking  way.  If  all  the  new  facts  were  gathered  in 
there  is  good  reason  to  believe  that  they  would  simply  confirm  and 
extend  the  conclusions  that  here  come  out  to  view.    All  intelligent  ope- 
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raters  now  recognize  the  paramount  importance  of  this  feature.  Their 
judgements  as  to  the  promise  and  behavior  of  a  well  are  largely  shaped 
by  the  depth  at  which  the  oil  rock  is  found.  The  list  embraces 
over  fifty  wells  that  are  arranged  in  t^e  order  of  the  elevation  of  the 
Trenton  limestone  as  found  in  them.  There  has  been  no  selection  of 
facts  whatever.  Every  record  that  was  readily  accessible  at  the  time 
the  measurements  were  made  was  put  into  the  list,  and  it  is  entirely 
probable  that  all  the  subsequent  records  would  fall  within  the  limits 
that  are  here  shown.  The  first  day's  flow  of  every  well  is  also  given  in 
all  the  cases  in  which  it  could  be  definitely  ascertained.  The  wells  were 
nearly  all  measured  by  the  steel  tape,  and  the  figures  are  as  accurate 
as  such  measurements  generally  are.  Few,  if  any,  anomalies  exist;  but 
even  these  few  would  perhaps  disappear  upon  a  more  careful  examination 
of  the  records.  (The  elevations  of  the  surface  were  determined  for  the 
Survey  by  Mr.  J.  C.  McCuUough,  of  Lima.) 

The  very  important  questions  as  to  the  character,  proper  uses  and 
value  of  the  oil  of  the  new  horizon  will  be  reserved  for  discussion  in  a 
later  section,  after  the  facts  of  production  have  all  been  given. 

The  Tbsnton  Limestone  at  other  Points  in  Northwestern  Ohio. 

The  first  three  centers  of  oil  and  gas  production  for  the  new  horizon 
have  now  been  briefly  reviewed.  Each  of  these  fields  has  been  gradu- 
ally extended  beyond  the  limits  of  the  town  in  which  the  development 
began ;  and  it  is  true  that  as  these  fields  are  understood  at  the  present 
time  they  embrace  almost  the  entire  production  of  the  Trenton  lime- 
stone in  the  state.  There  are,  however,  several  distinct  centers  of  gas 
production  only  partially  developed  as  yet,  viz.,  Bloomdale  and  Bairds- 
town,  intermediate  between  Findlay  and  Bowling  Green.  These  wells 
show  large  promise,  and  do  not  naturally  belong  to  either  the  Findlay 
or  the  Bowling  Green  district. 

Findlay,  Bowling  Green  and  Lima  were,  as  has  been  shown,  the 
first  three  towns  in  northwestern  Ohio  to  drill  to  the  Trenton  limestone. 
All  were  successful  in  finding  gas,  or  oil,  or  both.  It  was  altogether 
natural  that  all  the  towns  around  them  should  be  incited  by  this  uni- 
form success  to  start  the  drill  for  themselves.  In  fact  the  success  of 
Findlay  alone  had  exerted  the  same  influence  on  every  enterprising 
town  in  its  section  of  the  state  that  Bowling  Green  and  Lima  had 
already  responded  to  in  drilling  their  wells;  and  now  that  these  towns, 
which  happened  to  be  the  first  to  make  the  trial,  had  also  found  the 
new  horizon  charged  with  gas  or  oil,  it  seemed  scarcely  less  than  a 
demonstration  that  every  neighborhood  that  had  the  energy  to  drill 
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1,000  or  1,600  feet  into  the  underlying  rocks  would  be  rewarded  as  these 
first-named  towns  had  been.  The  geological  conditions  that  were 
observed  at  Findlay  and  Lima  were  certainly  widely  extended  through 
the  district.  Almost  the  entire  surface  of  this  quarter  of  the  state  is 
underlain  by  Upper  Silurian  limestones,  or  at  least  by  these  limestones 
reinforced,  as  they  are  in  two  small  areas,  by  the  Devonian  limestone 
and  shales.  There  are  fifty  counties  of  the  western  half  of  Ohio,  and  in 
at  least  forty-eight  of  them  the  Trenton  limestone  has  been  reached  by  the 
drill  within  two  years,  and  many  of  these  counties  have  put  down  more 
than  a  single  well.  Not  only  have  several  wells  been  drilled  in  a  single 
town  in  many  cases,  but  drilling  has  also  been  done  at  two,  three,  or 
even  a  dozen  points  within  the  county,  not  to  speak  of  those  counties  in 
which  the  wells  are  counted  by  the  score,  or  even  by  the  hundred.  It 
would  require  a  volume  to  follow  out  the  entire  development  of  this 
portion  of  the  state  on  the  scale  that  has  been  already  employed  in  the 
territory  now  described;  but  a  cursory  review  of  the  remainder  of  the 
district  will  be  here  undertaken,  in  which  special  attention  will  be 
given  to  the  rich  harvest  of  geological  facts  that  has  been  yielded  by 
these  explorations.  It  will  not  be  necessary  to  pursue,  in  this  review, 
a  strict  chronological  order,  nor  will  an  exhaustive  record  of  all  the 
drillings  undertaken  in  the  new  field  be  required.  The  convenience  of 
the  reader  will  be  served  by  the  adoption  of  a  geographical  order,  in  the 
main,  in  the  accounts  now  to  follow.  The  wells  already  described  are 
located  in  the  counties  of  Hancock,  Wood  and  Allen.  Those  to  be 
described  in  the  next  ensuing  sections  are  to  be  found  mainly  in  Otta- 
wa, Sandusky,  Erie,  Huron,  Seneca,  Wyandot  and  Marion  counties. 

The  Fremont  Oas- Wells. 

On  the  Lake  Erie  and  Western  Railway,  to  the  northeast  of  Findlay, 
there  are  three  prominent  towns,  viz.,  Postoria,  Fremont  and  Sandusky. 
Each  of  these  towns  has  drilled  one  or  more  wells  to  the  Trenton  lime- 
stone within  the  last  two  years,  and  one  of  them  has  attained  a  measure 
of  success  in  the  discovery  of  a  supply  of  gas  adequate  to  household, 
but  not  to  manufacturing  use,  and  to  the  former  only  on  a  small  and 
definitely  restricted  scale.  Fremont  began  to  drill  in  May,  1885.  The 
location  of  the  town  was  thought,  at  the  time,  to  be  advantageous,  so 
far  as  the  new  horizon  was  concerned.  It  was  generally  assumed  that 
the  gas  of  Findlay  was  derived  from  the  old  but  little  known  fold  that 
traverses  the  strata  of  Ohio  under  the  name  of  the  Cincinnati  axis, 
although  this  fold  had  heretofore  been  located  further  to  the  eastward. 
The  geological  facts  at  this  time  in  hand  seemed  to  indicate  the  extension 
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of  the  axis  in  the  general  direction  of  Fremont,  and  some  encouragement 
was  accordingly  taken  from  this  fact.  The  drilling  was  undertaken  by 
the  gas  company  of  the  town.  The  well  was  located  in  the  lower  level 
of  the  valley,  and  about  600  feet  above  tide-water.  The  contractor  was 
J.  E.  Brownyar.  The  work  went  forward  rapidly,  and  the  Trenton  was 
reached  on  July  8,  at  a  depth  of  1,328  feet.  The  Trenton  limestone  is 
thus  seen  to  lie  at  the  depth  of  about  720  feet  below  tide.  The  record  of 
the  well,  as  kept  by  the  drillers,  is  as  follows  : 

Upper  limestones,  variously  colored 860  feet. 

Clay  streak  in  which  the  well  was  cased — 

Bhales— blue,  red,  brown  and  black 968    " 

Trenton  limestone,  at 1,828    " 

A  very  complete  set  oi  samples  of  the  drillings  was  kept  by  Mr.  R. 
B.  Hayes,  Jr.,  duplicates  of  which  were  kindly  furnished  to  the  Geologi- 
cal Survey,  and  which  have  proved  of  great  interest  and  value  in  the 
interpretation  of  the  record.  Analyzed  in  the  light  of  these  samples, 
the  section  found  in  the  well  is  about  as  follows  : 

1.  Niagara  limestone,  solid. 200  feet. 

2.  Niagara  limestone,  slaty,  and  ending  in  white  clay 60    " 

8.  Clinton  limestones  and  blue  calcareous  shales 100    *' 

4.  Medina  shale,  red 110    " 

6.  Hudson  River  shales,  gray,  green  and  blue 460    ^' 

6.  TJtica  shales,  dark,  and  finally  black 808    " 

7.  Trenton  limestone,  at 1,828    ** 

Fosdiliferous  chips  occurred  in  the  drillings  at  various  horizons,  and 
some  of  the  forms  were  identifiable.  On  torpedoing  the  well,  large 
fragments  were  obtained  which  threw  more  light  upon  some  of  the  sev- 
eral divisions.  The  boundaries  between  the  formations  noted  are  not, 
in  all  cases,  distinct.  Especially  is  it  hard  to  draw  the  line  between 
the  third  and  fourth,  and  also  between  the  fifth  and  sixth.  There  is  a 
general  shading  in  color  and  in  chemical  composition  in  both  cases, 
which  makes  any  line  that  would  be  drawn  somewhat  arbitrary.  Be- 
tween 400  and  600  feet,  quite  large  supplies  of  gas  were  found  at  several 
horizons,  but  notably  at  about  450  feet.  This  will  be  recognized  as  the 
line  of  junction  of  the  Niagara  shale  and  the  Clinton  limestone.  It 
was,  unquestionably,  from  some  of  the  beds  of  the  Clinton  that  the 
upper  gas  was  largely  derived.  When  the  Trenton  rock  was  reached, 
there  were  no  large  accessions  to  the  supply  of  gas  already  obtained,  nor 
did  the  sinking  of  the  well  100  or  more  feet  into  the  Trenton  nor 
the  use  of  the  torpedo  improve  its  yield  to  any  extent.  Its  flow  in 
August,  a  month  after  the  well  was  shot,  showed  the  production  to  be 
somewhat  less  than  10,000  cubic  feet  per  day.    Such  a  result  of  the 
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•drilling  was  a  serious  disappointment  to  the  projectors  of  the  well  and 
to  the  people  of  Fremont,  this  being  the  first  marked  failure  that  had 
been  experienced  in  the  field.  The  real  significance  of  the  facts  here 
found  could  not  be  understood  at  the  time,  because  there  were  so  few 
facts  with  which  to  compare  them.  It  was  just  this  experience,  and 
that  of  the  dozen  or  more  towns  that  soon  followed  in  the  line  that  made 
it  possible  to  deduce  certain  laws  or  conditions  of  production  in  the  new 
territory,  that  are  beginning  to  prove  serviceable  in  the  development  of 
the  field. 

The  first  of  these  laws  pertained  to  the  absolute  level  at  which  the 
Trenton  limestone  was  found.  As  the  result  of  all  the  drilling  that  had 
been  done  up  to  June,  1886,  it  was  possible  at  that  time  to  say,  that  t?ie 
really  important  gas  and  oil  production  was  entirely  derived  from  ihme  portions 
of  the  Trenton  limestone  that  do  not  lie  more  than  500  feet  bdow  tide-^ater.  There 
was  no  '^theory"  whatever  connected  with  this  concltision.  It  was  a 
simple  deduction  from  the  facts  that  had  been  thus  far  obtained.  The 
provisional  nature  of  the  conclusion  was  fully  recognized,  and  room  was 
guaranteed  to  all  new  facts. 

But  little  modification  has  been  required  in  this  general  conclusion. 
The  facts  first  brought  in  proved  to  be  truly  representative  ones,  and 
they  have  been  found  to  furnish  the  grounds  for  a  deduction  that  will 
remain  in  its  main  features  as  a  fixed  fact  in  the  geology  of  the  region 
under  consideration. 

The  elevation  above  named  derives  all  its  importance  from  the  rela- 
tions that  the  areas  of  the  Trenton  limestone  above  and  below  this  line 
hold  to  each  other.  There  is  no  known  significance  in  the  absolute  fig- 
ures. The  large  terrace  or  arch  of  the  Trenton  limestone  that  ex- 
tends through  the  counties  already  described,  brings  its  highest  tracts 
2S0  or  300  feet  below  tide.  Whenever  a  level  of  600  feet  below  tide  is 
reached,  the  rock  is  found,  if  porous,  to  be  saturated  with  salt-water. 

The  minor  exceptions  to  the  law  that  have  been  since  discovered 
all  depend  on  local  flexures  in  the  Trenton  limestone  where  it  lies  more 
than  600  feet  below  tide.  These  flexures,  if  of  large  enough  extent,  have 
acted  in  the  same  way  as  the  main  terrace  has  done  in  differentiating 
the  gas,  oil  and  salt-water  from  one  another.  Several  of  these  folds  will 
be  pointed  out  in  subsequent  pages.  One  of  some  small  importance 
passes  through  the  Fremont  district. 

Another  conclusion  of  fundamental  value  in  the  matter  of  oil  and  gas 
accumulation  pertains  to  the  character  and  composition  of  the  Trenton 
limestone.  The  real  signifiance  and  importance  of  this  factor  in  the 
productiveness  of  the  rock  was  recognized  at  a  later  period  than  the  law 
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already  named.  It  can  be  stated  in  these  words,  viz.,  the  productive  por- 
turns  of  the  Trenton  limestoTie  consist  of  highly  crystalline  dolomite  or  magnesian 
limestone^  containing  but  a  small  percentage  of  impurities.  This  law  requires 
some  qualifications  and  admits  of  a  few  apparent  exceptions  at  the 
present  time,  but  it  is  of  wide  application  and  great  value  in  interpreting 
the  behavior  of  the  different  portions  of  the  field. 

The  analysis  of  the  Trenton  limestone  from  the  first  well  at  Fre- 
mont gave  the  first  important  fact  in  the  establishment  of  this  law.  The 
composition  of  the  limestone  was  found  to  be  as  follows,  viz.  : 

Carbonate  of  lime.... 75.74 

Carbonate  of  magnesia 18.37 

Insolable  matter 6.63 

Alumina  and  oxide  of  iron 

This  was  seen  at  once  to  be  an  entirely  different  rock  from  the  Find- 
lay  and  Bowling  Green  gas-rock.  The  facts  as  to  its  production  were 
also  greatly  in  contrast  with  the  facts  derived  from  those  fields,  as  is  seen 
by  the  statements  given  above.  There  is  no  reason  to  count  a  rock  of 
this  composition  a  gas-rock  in  any  such  sense  as  to  warrant  drilling  to 
any  great  depth,  or  at  any  great  outlay  to  find  it.  All  these  conclusions 
in  regard  to  it  came  later,  however,  when  a  considerable  amount  of  obser- 
vation as  to  the  character  of  the  rock  had  been  accumulated. 

The  gas  company  was  by  no  means  disposed  to  consider  the  first 
failure  a  condemnation  of  the  territory  at  large;  but  it  was  argued  that 
the  main  point,  viz.,  the  presence  of  gas  in  the  Trenton  limestone  was 
already  established,  and  that  it  only  now  remained  to  find,  by  drilling, 
the  point  where  the  gas  existed  in  profitable  quantities.  Other  wells 
were  at  once  begun  by  the  gas  company,  and  presently  after  by  Noble 
&  Co.,  proprietors  of  several  lime-kilns  within  the  corporation  limits, 
the  drilling  being  undertaken  with  reference  to  a  supply  of  gas  for  limp- 
burning.  All  of  these  wells  repeated  substantially  the  history  of  the 
first.  All  showed  gas  in  noticeable  quantities  in  the  Clinton  horizon, 
and  some  of  them  also  produced  a  small  amount  from  the  top  of  the  Tren- 
ton limestone.  In  one  of  these  wells,  the  last  formation  was  again 
tested  in  its  lower  beds  as  well,  and  the  drilling  was  carried  to  the  depth 
of  about  1,600  feet,  a  depth  of  150  feet  in  the  limestone ;  but  the  only 
result  was  to  release  a  considerable  flow  of  salt-water  at  the  bottom  of 
the  hole.  In  a  number  of  these  wells,  a  small  amount  of  oil  of  the 
Findlay  type  was  shown.  The  gas  company  has,  up  to  the  present  date, 
drilled  six  wells  to  the  Trenton  limestone,  and  Noble  &  Co.  have  drilled 
three.  The  largest  producer  of  the  first  five  of  the  gas  company's  wells 
was  No.  2.  Measured  in  June,  1886,  it  was  found  to  produce  18,760  cubic 
feet  of  gas  per  day.    This  well  has  been  the  main  reliance  for  the  pipe- 
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line  of  the  gas  company.  It  shows  a  rock-pressure  of  800  pounds  when 
shut  off. 

The  three  remaining  wells  in  this  list  are  all  light  producers,  averag- 
ing, probably,  less  than  5,000  cubic  feet  per  day.  The  three  other  deep 
wells  of  the  town  belong  to  the  same  grade  with  those  already  described, 
their  aggregate  production  being  given  as  about  80,000  cubic  feet  per 
day.  A  sixth  well,  drilled  in  the  fall  of  1886,  by  the  gas  company,  has 
made  a  somewhat  better  record.  It  was  drilled  in  the  center  of  the 
town,  and  although  upon  ground  forty-seven  feet  higher  than  well  No. 
1,  it  found  the  Trenton  at  1,326  feet,  or  at  two  feet  less  depth  than  the 
limestone  held  in  the  wells  above-named.  This  elevation  of  the  Trenton 
of* forty-nine  feet  at  this  point  was  gained  in  less  than  half  a  mile,  and 
it  was  not  without  effect  on  the  production  of  the  rock.  The  flow  of  gas 
was  found  more  vigorous  than  in  any  of  the  wells  previously  struck.  It 
was  computed  that  this  well  would  yield  more  than  the  other  five  com- 
bined that  belonged  to  the  company.  The  gas  was  found  in  the  upper- 
most seven  to  twelve  ieet  in  the  Trenton,  but  the  company,  unwisely, 
as  the  event  has  proved,  decided  to  go  deeper,  in  the  hope  that  the 
quantity  of  gas  would  b^  increased  thereby.  No  advantage,  however, 
was  found,  but  at  thirty-nine  feet  in  the  Trenton,  a  small  vein  of  oil, 
and  a  considerable  vein  of  salt-water,  were  found  at  one  and  the  same 
point.  The  salt-water  was  in  force  enough  to  fill  the  well,  bearing  a 
few  feet  of  thick  oil  upon  its  surface.  The  well  began  to  spray  oil  and 
salt-water  and  the  supply  of  gas  was  necessarily  interfered  with.  Al- 
though much  more  vigorous  than  its  predecessors,  by  reason  of  the 
advantage  it  enjoys  over  them  all  in  the  higher  level  of  its  limestone 
reservoir,  this  well  still  belongs  to  the  same  general  class  with  the  rest. 
There  is  nothing  in  its  behavior,  so  far  as  seen,  to  warrant  the  expecta- 
tion that  it  would  have  made,  under  the  most  favorable  conditions,  an 
adequate  source  of  public  gas  supply  in  a  town  like  Fremont.  The  nine 
deep  wells  at  Fremont  can  scarcely  be  counted  valuable  as  sources  of  gas 
from  the  Trenton  limestone.  In  pne  point  of  view,  they  are  somewhat 
better  than  downright  failures,  as  they  do  make  some  return  for  the 
capital  invested  in  them ;  but  on  other  accounts,  it  would  have  been 
better  for  the  investors  to  have  found  no  gas  at  all  in  their  first  wells, 
and  they  would  not  then  have  been  lured  on  to  the  considerable  ex- 
penditures thus  far  made.  The  gas  company  has,  at  present,  fifty  or 
more  stoves  dependent  upon  its  line,  but  the  supply  is  so  lacking  in 
vigor  as  to  be  unsatisfactory  and  disappointing. 

The  description  of  the  gas-wells  of  Fremont  must  not  be  concluded 
without  an  account  of  the  six  shallow  wells  that  have  been  drilled  here 
within  the  last  year,  and  which,  all  things  considered,  are  much  more 
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promising  than  the  deep  wells  by  which  they  are  surrounded.  It  was 
observed,  in  drilling  the  deep  wells,  that  notable  supplies  of  gas  were, 
in  all  cases,  found  in  the  Clinton  limestone  not  far  above  the  red-rock, 
or  the  Medina  shale;  but  as  the  drillers,  in  going  down  thus  far,  were 
obliged  to  overcome  the  main  difficulties  of  the  descent,  arising  from 
the  hard  nature  of  the  upper  limestones,  the  waters  which  they  carried, 
and  the  casing  of  the  wells,  they  were  naturally  unwilling  to  stop  at  this 
point,  while  700  feet  of  shales  lay  just  below,  through  which  the  drill 
could  be  made  to  sink  at  the  rate  of  at  least  100  feet  per  day.  From 
this  portion  of  the  drilling,  the  money  must  be  mainly  made,  and  conse- 
quently the  supply  from  the  upper  horizon  was  belittled  and  depreciated 
to  a  certain  extent.  Early  in  1886,  however,  Mr.  Geo.  0.  Harlan,  who 
had  been  observing  closely  and  sagaciously  the  progress  of  the  advance 
thus  far,  decided  to  sink  a  well  on  his  own  premises,  the  special  object 
of  which  should  be  to  obtain  what  gas  could  be  got  from  the  upper 
horizon,  below  which  he  did  not  desire  to  go.  He  drilled  for  himself, 
employing  a  portable  rig  of  the  Elmira  pattern,  and  found  a  good 
supply  of  gas  for  home  use.    The  section  was  as  follows  : 

Drift.. 10  feet 

Gas  found  at 446    " 

Depth  of  the  well  to  the  top  of  the  red  rock 668    '* 

Other  wells  rapidly  followed,  Mr.  Harlan  having  done  all  the  drill- 
ing of  the  shallow  wells  up  to  the  present  time.  A  well  put  down  for 
Dr.  Ames,  in  the  center  of  the  town,  proved  the  most  successful  of  all 
this  group.  It  was  located  in  the  same  elevation  of  the  rocks  that  well 
No.  6  found,  being  separated  from  the  latter  by  not  more  than  150  feet. 
Its  daily  yield  was  found,  in  July  1886,  shortly  after  its  completion,  to 
be  16,473  feet  per  day.  The  wells  are  cased  in  the  Niagara  shale,  which 
they  found  at  a  depth  of  about  375  feet.  They  are  entirely  dry  there- 
after, if  the  work  is  well  done.  The  gas  is  unmistakably  derived  from 
the  Clinton  limestone,  fossiliferous  fragments  of  which  are  thrown  out 
in  the  torpedoing  of  the  wells  sufficient  to  establish  this  determination. 
The  wells  require  no  anchoring,  but  are  cemented  about  the  casing,  and 
have  continued,  without  interruption  or  trouble  of  any  kind,  to  the 
present  date.  The  cost  of  the  wells  completed,  ranges  from  9850  to 
$1,000,  and  a  good  well  of  this  type  is  adequate  to  supply,  perhaps,  a  half 
dozen  families  that  are  located  sufficiently  near  the  well.  A  well  yield- 
ing 10,000  feet  a  day  becomes,  on  such  a  basis,  a  profitable  investment. 

Since  the  above  statements  were  completed,  Fremont  has  acquired 
some  additional  experience  in  this  linCi  but  it  all  agrees  fairly  well 
with  that  already  reported. 


PETROLEUM  AND  NATURAL  OAS.  189 

A  deep  well,  drilled  for  Ex  President  Hayes  at  Spiegel  Grove,  provob 
to  be  of  small  value.  Its  gas,  which  is  mainly  derived  from  the  upper 
horizon,  is  inadequate  for  the  supply  of  the  residence.  Noble  and  Com- 
pany have  drilled  several  deep  wells  in  addition  to  those  already  report- 
ed, and  of  the  same  general  character,  except  that  one  at  least  was  al- 
together dry. 

Other  parties  have  also  drilled  in  town  and  in  the  vicinity  with  the 
same  unsatisfactory  results,  with  a  single  exception,  to  be  presently 
named.  Among  the  wells  recently  drilled,  may  be  named  the  Edgerton 
well,  which  furnishes  a  supply  for  a  house ;  the  Starwalt  well,  which 
yields  nothing ;  the  Board  of  Trade's  well,  No.  1,  a  mile  or  more  east  of 
the  town,  which  obtained  a  light  flow  at  an  unusual  depth  in  the  Tren- 
ton. The  vein  is  weak,  at  most  promising  a  supply  for  a  few  houses. 
Accounts  differ  as  to  the  point  from  which  it  was  obtained,  some  assign- 
ing it  to  a  depth  of  90  feet  in  the  Trenton  rock,  and  others  to  a  depth  of 
130  feet.  The  question  is  not  an  important  one,  so  far  as  this  well  is 
concerned.    There  is  nothing  in  it  to  warrant  linking  another  well. 

A  well  known  as  the  Muscalunge  well,  five  miles  north  of  Fremont, 
went  157  feet  into  the  Trenton  without  result. 

The  only  exception  to  this  record  of  failures,  or  of  gas  supplies  that 
are  worse  than  failures,  because  of  the  false  promise  with  which  they 
lure  on  to  greater  expenditures,  is  a  well  coming  in  at  this  date,  Septem- 
ber 1st,  1887.  It  is  known  as  the  Wagoner  well,  and  is  located  five 
miles  west  of  Fremont.  It  reached  the  Trenton  at  1,274  feet,  against 
1,326  feet  in  the  Fremont  wells,  and  it  seems  also  to  show  about  fourteen 
feet  of  the  Findlay  oil-rock.  Its  supply  of  gas  is  much  better  than  that 
of  any  of  the  preceding  wells  as  reported.  It  is  twenty-four  feet  in  the 
Trenton,  and  the  last  screw  showed  the  presence  of  oil,  which  will  need 
to  be  shut  out  by  plugging.  The  casing  is  360  feet  deep.  The  Niagara 
shale  is  reduced  to  little  more  than  a  mark,  but  is  still  recognizable. 
The  flow  is  variously  estimated,  many  putting  it  as  high  as  200,000  feet, 
others  at  three  or  four  times  this  amount,  and  others  still  at  a  half  or 
quarter  of  the  first-named  figures. 

Another  well  is  to  be  drilled  still  further  to  the  eastward  on  the 
strength  of  this  improved  record. 

High-pressure  gas  from  the  Bloom  township  field,  Wood  county,  has 
already  been  introduced  into  Fremont  by  the  North- Western  Ohio  Na- 
tural Gas  Company.  The  outlays  already  made  in  piping  the  town  have 
been  utilized,  the  franchises  of  the  gas  company  having  been  turned 
over  to  the  North- Western  Company  so  as  to  cover  all  expenditures.  The 
new  company  has  sealed  up  the  little  wells  that  were  included  in  the  sale 
as  of  no  practical  value,  and  are  furnishing  an  ample  supply  to  the 
town  for  manufacturing  purposes  as  well  as  for  domestic  use. 
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The  rates  adopted  by  the  North- Western  Ohio  Natural  Gas  Com- 
pany are  appended  here  in  full  as  in  force  in  Fostoria  and  Fremont. 
The  rates  of  the  Tiffin  company  are  identical,  and  the  Toledo  rates  are 
based  on  the  same  rules. 

The  following  are  the  monthly  charges  for  fuel  gas  : 

''DOMXSTIO  USB. 

Heating, 


No  7  Mixer. 


a 


If  paid  before 
the  10th. 


0 


I 


No.  5  Mixer. 


If  paid  before 
the  10th. 


0 


No.  8  Mixer. 


I 


If  paid  before 
the  10th. 


Ist  Mixer 
2d       " 
8d       •' 
4th      « 
5th      " 


14  00 
8  50 
8  00 
2  50 
2  00 


$0  40 
085 
080 
025 
0  20 


I8  60 
8  15 
2  70 
2  25 
1  80 


18  00 
250 
2  00 
1  50 
1  25 


$0  80 
0  25 
0  20 
0  15 
0  12 


$2  70 
2  25 
1  80 
1  85 
1  13 


$2  00 
1  75 
1  50 
1  00 
080 


10  20 
0  17 
0  15 
0  10 
005 


$1  80 
1  58 
1  85 
0  90 
0  75 


^f  "$1.00,  gross,  per  month  will  be  added  to  the  above  rates,  when  mixer 
is  'used  on  double  heater. 

^**Above  rates  will  be  charged  for  the  months  of  November,  Decem- 
ber, January,  February  and  March.  One-half  rates  for  April  and  Octo- 
ber, and  $1,00  per  month,  gross,  for  May,  June,  July,  August  and  Sep- 
tember. 

^'Half  rates  on  grates  and  stoves  in  rooms  heated  by  boiler  or  furnace. 

Cooking, 


From  October  let  to  May  Ist. 

From  May  let  to  October  Ist. 

1 

1 

If  paid  before 
the  10th. 

Size  of  Mixer. 

1 

If  paid  before 
the  10th. 

Size  of  Mixer. 

0 

1 

6 

No.  7 

$2  75 
200 

$0  25 
0  25 

$2  50 
1  75 

No.  7 

$2  00 
1  00 

$0  20 
025 

$1  80 

No.  6 

No.  5 

0  75 
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No.   7.. 


Laundry, 

(When  cook  stove  is  also  furnished.) 

$116  1    $0  16  1    $100(1  No.  6 1    10  80 


10  06  I      10  76 


Stobes,  Halls,  Etc. 
He€Uing. 


Ist  600  sq.  ft.  of  floor  surface 
Each  additional  100  sq.  ft 


1 


$3  33 
0  17 


If  paid  before 
the  10th. 


$0  33 
002 


O 


$3  00 
0  16 


These  rates  will  be  charged 
for  the  months  of  November, 
December,  January,  Febru- 
ary and  March,  i  rates  for 
April  and  October,  and  $1.00 
per  month,  gross,  for  May, 
June,  July,  August  and  Sep- 
tember. 


Hotels. 
Heating, 


No.  7  Mixer. 


I 


If  paid  before 
the  10th. 


p 
o 

s 


5 


No.  6  Mixer. 


I 


If  paid  before 
the  10th. 


O 


No.  3  Mixer. 


If  paid  before 
the  10th 


-§ 


§ 


1st  Mixer 
M       " 
3d   " 
4th,additn 


$4  00 
8  60 
3  00 
2  00 


$0  40 
0  36 
0  30 
0  20 


$3  60 
3  16 
2  70 
1  80 


$3  00 
2  50 
2  00 
1  25 


$0  30 
0  26 
0  20 
0  12 


$2  70 
2  26 
1  80 
1  13 


$2  00 
1  75 
1  60 
1  11 


$0  20 
0  17 
0  16 
0  11 


$1  80 
1  68 
1  35 
1  00 
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No.  7  Mixer.. 


$4  00 


$0  40 


$3  60 


No.  5  Mixer.. 


$3  00 


$0  30 


$2-70 


*'Any  of  the  above-named  mixers  may  be  used  for  one  or  more 
months,  at  the  option  of  the  consumer. 

'^In  computing  rates,  the  mixers  will  be  taken  in  order  of  size,  be- 
ginning with  the  largest. 
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"Annual  contbact?,  payable  quarterly,  in  advance,  may  be  made  oa 
favorable  terms  upon  application  at  the  office. 

"The  company  will  make  all  necessary  connections  with  its  street 
mains,  run  service  pipes  and  fit  up  houses  complete  for  use  of  fuel  gas^ 
free  of  cost  to  its  patrons,  except  for  burners  and  stove  fixtures,  which 
must  be  paid  for  by  the  consumer. 

**The  mixers  are  owned  by  the  company,  and  furnished  without 
charge.  Patrons  are  cautioned  against  interfering  with  them  in  any 
manner.  Any  defective  service  will  be  promptly  attended  to,  upon 
notice  at  the  office.  A  damper  in  stove  pipes  is  necessary  to  insure  suc- 
cessful Bervice. 

"All  bills  are  due  on  the  1st  day  of  the  month,  and  payable  in  ad- 
vance, at  the  office  of  the  company.  Ten  days'  grace  is  allowed  to  patrons 
who  pay  promptly,  but  bills  must  be  paid  on  or  before  the  10th  of  each  month  ta 
save  the  discount.  Allowing  the  time  for  discount  to  expire  before  making 
payment,  does  not  give  an  extension  of  time  on  the  bill. 

"Gas  is  furnished  to  manufacturers  at  prices  based  on  the  cost  of 
other  fuel." 


Noble  and  Company  are  burning  lime  in  Fremont  by  gas  supplied 
by  the  Northwestern  Ohio  Company,  at  the  rate  of  6  cents  per  barrel  of 
lime,  and  the  initial  experience  is  reported  as  satisfactory.  The  cost  of 
fuel  at  this  rate  is  reduced  to  at  least  one-third  of  the  price  of  wood, 

Fremont  has  acquired  two  substantial  manufacturing  enterprises 
on  account  of  the  introduction  of  natural  gas.  Both  have  come  in 
without  subsidies  or  contributions  of  any  sort.  They  are  the  Thompson- 
Houston  Electric  Light  Company,  and  the  Elyria  Shear  Works.  They 
will  make  a  valuable  contribution  to  the  business  activity  of  this  pros- 
perous and  happily-located  town. 

Fostoria. 

Fostoria  made  an  early  and  decided  trial  of  the  Trenton  limestone, 
and  after  failure  in  the  first  well,  repeated  the  expensive  experiment  in 
a  second,  but  without  valuable  results.  In  the  second  well,  a  small 
amount  of  gas  was  found,  but  not  large  enough  to  warrant  utilization 
for  any  other  than  domestic  use,  and  that  only  in  the  smallest  way. 
The  record  of  well  No.  1,  which  was  drilled  mainly  in  the  month  of 
July,  1885,  is  as  follows : 

White  limestone 250  feet. 

Red,  irony  rock 10      " 

Gray-rock,  hard 12      " 

White-rock,  very  hard 18      ** 

Blue-rock,  hard 16      " 
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White-rock,  hard -       8  feet 

Cased  at 809i  " 

Bloe  shale »3  '* 

Red  shale 120  " 

Calcareous  shale 480  " 

Black  shale -    «»  " 

Trenton  limestone,  foand  at -  1268  " 

Well  finished  at 1776  " 

The  Trenton  was  found  here  471  feet  below  the  sea-level,  and  i with 
only  a  slight  showing  of  oil.  At  this  time  but  little  experience  had 
been  accumulated  as  to  the  practicability  of  sinking  deeper  into  the 
Trenton  when  the  top  of  the  rock  proved  unproductive,  Fostoria  con- 
tributed its  share  to  this  experience  by  drilling  more  than  500 ,feet  into 
the  limestone  without  any  return  of  value  whatever.  At]one  point,  viz., 
at  about  1,450  feet  a  little  gas  and  oil  were  found,  but  the  supply  was 
too  feeble  to  admit  of  profitable  use.  Salt-water  was  yielded  in  small 
amount  at  various  depths  in  the  Trenton  limestone. 

The  composition  of  the  gas-rock  was  found  to  be  as  follows,  viz.: 

Carbonate  of  lime 61.60 

Carbonate  of  magnesia 27.80 

Insolable  matter 6.82 

The  marked  departure  from  the  Findlay  type  of  Trenton  limestone 
was  first  found  in  this  and  in  the  Fremont  well  already  quoted,  but  it 
was  a  long  while  before  the  significance  of  the  facts  was  fully  under- 
stood. This  point  has  been  more  fully  treated  in  preceding  sections,  and 
will  also  be  considered  in  other  connections. 

A  second  well  was  drilled  in  1886  by  J.  A.  Bradner,  Eeq.,  at  his 
lime-kilns  west  of  the  town.  The  gas  was  sought  at  this  point  with 
reference  to  use  in  the  burning  of  lime.  This  well  repeated  the  history 
already  described,  except  that  it  showed  a  little  more  gas  than  the  first, 
though  of  no  more  value.  In  this  well  there  were  250  feet  of  upper 
limestones  and  945  feet  of  shales.  The  Trenton  was  struck  at  1,225  feet, 
and  drilling  was  continued  to  1,400  feet.  The  well  was  torpedoed  with 
333  pounds  of  nitro-glycerine,  between  1,225  and  1,255  feet.  For  twelve 
hours  after  the  explosion,  the  promise  seemed  good,  but  the  yield  of  gas 
soon  ran  down  to  less  than  10,000  feet  per  day.  It  was  thought  that  the 
well  would  have  yielded  four  or  five  barrels  of  oil  to  the  pump  per  day, 
but  there  was  nothing  to  justify  further  outlay.  Gas  and  oil,  of  course, 
may  exist  in  large  accumulations  at  this  point ;  but  in  the  experience 
thus  far  acquired,  there  are  no  facts  that  would  serve  to  indicate  their 
presence  or  to  encourage  further  expenditures  in  the  search.    The  gas- 
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wells  drilled  at  the  Godsend  water-tank,  four  miles  west  of  the  town, 
make  the  nearest  approach  to  the  productive  territory  of  Fostoria. 
These  have  been  described  on  a  preceding  page  and  in  another  connec- 
tion. 

The  Northwestern  Ohio  Natural  Gas  Company  has  introduced  gas 
from  its  great  wells  in  Bloom  and  Cass  townships  to  the  westward  for 
the  domestic  use  of  the  town,  and  the  corporation  of  Fostoria  has  pur- 
chased gas-territory,  drilled  wells,  laid  a  pipe  line,  and  encircled  the 
entire  town  with  a  six-inch  line,  (nine  miles  in  entire  length  of  line), 
from  which,  practically  free  gas  is  offered  to  manufacturers  who  may 
locate  here,  with  grants,  in  several  cases,  of  land  and  stock  subscrip- 
tions in  addition. 

Three  important  glass  factories  have  already  been  located  and 
begun  within  the  corporation,  viz.: 

The  Mambourg  Window  Glass  Company, 

The  Fostoria  Glass  Company  (tableware). 

The  Butler  Art  Glass  Company. 

The  village  corporation  has  bonded  itself,  with  legislative  permis- 
sion, for  935,000,  for  the  purposes  named  above.  A  company  has  also 
been  formed  of  enterprising  citizens  to  aid  in  this  object,  the  funds  of 
the  company  ($25,000)  being  made  auxiliary  to  the  work  of  the  town. 

The  three  corporation  wells  have  already  found  their  record  in  the 
account  of  Hancock  county  production. 

Lime  is  being  successfully  burned  by  gas  at  Fostoria  on  quite  a 
large  scale.    An  account  of  this  will  appear  later. 

Sandusky. 

The  drilling  for  oil  and  gas  under  the  new  interest  was  begun  at 
Sandusky  in  the  summer  of  1886,  by  the  Bay  City  Natural  Gas,  Oil  and 
Fuel  Supply  and  Electric  Light  Company,  organized  for  the  purpose  of 
testing  the  Trenton  limestone  at  this  point.  The  well  was  located  on 
the  west  side  of  the  city,  near  the  brewery  of  Jacob  Kuebler.  The  record 
of  the  well  is  verified  by  the  excellent  set  of  samples  preserved  by  Mr. 
Kuebler,  and  kindly  furnished  for  the  use  of  the  Survey.  The  level  at 
which  the  well  was  begun  is  about  585  feet  above  tide.  The  Trenton 
was  reached  at  a  depth  of  2,210  feet,  from  which  it  appears  that  its 
upper  surface  is  more  than  1,600  feet  below  tide.  The  drillers'  record 
is  as  follows : 
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Drift ;.. 10  feet. 

Limestone,  in  the  main,  solid 1,060  ** 

Shales - 90  « 

Cased  at  982. 

Red  and  blae  limestones  at  1,060  feet ^     40  " 

Blue  shale 60  " 

Red  shale,  beginning  at  1,240  feet 160  " 

Blue  shale 500  " 

Dark  shale 310  " 

Trenton  at 2,210  " 

Well  finished  at : ..2,260  " 

The  record,  as  followed  by  the  samples,  is  full  of  instructive  infor- 
mation. It  does  not  give  us  the  means  of  resolving  the  entire  column 
into  its  constituent  parts  by  sharp  boundaries  between  the  several 
formations,  but  it  furnishes  a  large  number  of  important  and  unexpected 
facts.  The  upper  limestones,  which  have  a  thickness  of  more  than 
1,000  feet,  belong  near  the  summit  of  the  Upper  Helderberg  limestone 
(Devonian),  and  include  the  whole  extent  of  Upper  Silurian  limestones, 
viz.,  the  Lower  Helderberg,  or  Waterlime,  the  Niagara  limestone,  the 
Niagara  shale,  and  the  Clinton  limestone.  This  great  collection  can  be 
approximately  divided,  in  the  evidence  furnished  by  the  drillings,  as 
follows : 

Drift 10  feet. 

Upper  Helderberg  limstone 100  *' 

Lower  Helderberg  or  Waterlime,  and  Niagara  limestones 970  ** 

Niagara  shale  and  Clinton  formation 106  " 

Medina 176  " 

Hudson  River  shale 500  *** 

Utica  shale 810  « 

Trenton  at 2,210  " 

Generalizing  once  more  the  facts  here  given,  the  section  can  be 
stated  as  follows  : 

Devonian  and  Upper  Silurian  limestones  and  Niagara  and  Clinton 

shales -1,170  feet. 

Medina  and  Hudson  River  and  Utica 1,030    " 

Among  the  unexpected  facts  shown  by  the  record  is  the  great 
thickness  of  the  second  section  of  the  upper  limestones ;  and  further- 
more the  occurrence  of  gypsum  in  very  large  amount  in  this  section. 
This  mineral  is  found  at  fourteen  diiierent  points  in  the  descent,  if  the 
samples  can  be  trusted  for  this  determination ;  beginning  at  110  feet 
below  the  surface,  it  extends  through  800  feet  of  strata.  The  depths  at 
which  the  samples  indicate  its  presence  are  as  follows :  110,275,320, 
426,  500,  525,  550,  575,  625,  640,  725,  750,  800,  825,  925.  A  bed  nine  feet 
thick  was  reported  by  the  drillers  at  275  feet.  This  was  the  largest 
deposit  found  in  any  one  place.    No  rock  salt  was  reported  in  any  part 
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of  the  well.  The  drilling  was  done  by  contractors  from  Bradford,  Pa., 
this  being  their  first  Ohio  well.  Casing  -was  attempted  early,  the  first 
attempt  being  in  a  streak  of  shale  found  in  the  limestone  at  370  feet. 
The  well  was  kept  dry  by  this  casing  down  to  960  feet,  when  a  vein  of 
water,  rank  with  sulphur  and  salt,  came  in^  which  required  the  casing 
to  be  drawn.  It  was  finally  set  at  980  feet.  The  new  resting-place  for 
it  was,  doubtless,  in  the  Niagara  shale,  and  this  stratum  proved  an 
eflScient  cover  for  all  the  rocks  below.  At  1,180  feet  the  Clinton  lime- 
stone, with  its  characteristic  fossilferous  red  and  blue  beds  occurred,  but 
no  water  was  held  by  it.  Neither  gas  nor  oil  were  found  in  any  consid- 
erable amount  throughout  the  descent;  and  the  upper  surface  of  the 
Trenton  also  seemed  essentially  barren,  although,  at  the  depth  of  2,260 
feet,  or  about  fifty  feet  in  the  Trenton  rock,  seven  or  eight  feet  of  lime- 
stone were  found  saturated  with  oil.  The  well  was  subsequently  "shot" 
at  this  point  with  thirty  quarts  of  nitro-glycerine,  and  it  responded  by 
filling  up  200  feet  with  oil,  accompanied  with  a  little  salt-water ;  but 
the  pump  failed  to  command  a  supply  for  its  operations,  and  was  soon 
abandoned.  A  little  gas  appeared  at  the  same  time  with  the  oil,  and 
the  amount  was  increased  by  the  use  of  the  torpedo.  The  daily  flow  of 
the  gas,  as  determined  by  the  anemometer,  July  3. 1886,  was  6,955  cuoic 
feet  per  day.  This  gas  is  now  used  by  Mr,  Kuebler  in  his  brewery  for 
light  and  fuel,  and  the  flow  is  reported  as  undiminished  at  the  present  date, 
Aug.  1887.  A  second  well  was  afterward  begun  by  Mr.  Kuebler,  the 
object  in  drilling  which  being  to  secure  a  supply  of  water  for  his 
brewery,  but  at  a  depth  of  about  300  feet  a  vein  of  gas  was  struck  of 
much  greater  volume  than  the  gas  of  the  first  well.  The  drilling  was 
arrested  at  once  at  this  point,  and  the  new  vein  was  united  with  the 
former  supply. 

The  economic  results  of  drilling  at  Sandusky  have  not  been  satis- 
factory, there  being  no  adequate  return  for  the  considerable  outlay  ;  but 
the  scientific  facts  furnished  by  the  records  are  of  great  interest  and  of 
permanent  value.  They  aitest  the  former  existence  at  this  point  of  an 
enclosed  and  subsiding  upper  Silurian  sea,  in  which  beds  of  gypsum 
were  deposited  during  a  period  long  enough  for  the  formation  of  800  feet 
of  stratified  rocks.  The  same  line  of  facts  comes  to  view  in  several  other 
sections  to  be  hereafter  reported. 

From  the  statements  here  given,  it  is  obyious  that  the  gypsum  of 
northern  Ohio  is  not  confined  to  a  single  formation,  viz.,  the  Salina, 
as  held  by  Dr.  Newberry.  The  Salina  group,  at  the  best,  ib  but  doubt- 
fully identified  in  our  geological  scale,  but  gypsum  is  certainly  dis- 
tributed through  the  whole   thickness  of  the  lower   Helderberg,  and 
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possibly  through  the  Niagara  also.  Gypsum  is  known  to  be  found  in 
typical  Niagara  rock  at  Lockport,  New  York,  as  will  be  remembered. 

A  comparison  of  the  Sandusky  section  with  one  of  the  deep  wells  at 
Cleveland,  will  presently  be  instituted,  and  the  two  records  will  be  seen 
to  throw  light  on  each  other. 

The  progressive  thickening  of  the  shale  series,  as  it  was  traced 
eastward,  will  not  fail  to  command  attention  as  an  important  geological 
fact.  From  the  surface  of  the  red-rock,  or  Medina  shale,  to  the  Trenton 
in  the  Findlay  wells,  the  interval  is  810  feet.  At  Fostoria  the  same 
geological  interval  measures  853  feet ;  in  Sandusky,  1,035' feet. 

Drilling  is  still  continued  in  the  town,  a  company  having  recently 
raised  $10,000  to  sink  three  additional  wells  to  the  Trenton  limestone. 
None  of  them  have  been  completed  as  yet,  (Sept.  1887.) 

Tiffin. 

Tiffin  began  to  drill  late  in  1886,  and  reached  the  Trenton  in  Jan- 
uary, 1886.  The  well-head  is  about  744  feet  above  tide.  The  upper 
surface  of  the  Trenton  was  reached  at  1,490  feet,  or  746  feet  below  tide. 
The  history  of  the  well  is  as  follows:  It  was  begun  in  the  lower  beds  of 
the  Waterlime,  twenty  or  thirty  feet  of  the  upper  limestone  belonging 
to  this  series,  and  the  balance  to  the  Niagara.  The  survey  was  favored 
with  samples  of  the  drillings,  preserved  with  care  by  Mr.  J.  J.  Fleck, 
secretary  of  the  company  that  undertook  the  work.  The  record  is  here 
given : 

Solid  limestone — 

Brown  and  drab 300  feet. 

Dark-blue.. :....      40    " 

Drab 45    « 

Hard  limestone .' —    " 

Shales  and  limestones  alternating^ 

Blue  shale  at 460  feet. 

Sbaleand  limestone  at.. 480    " 

Sbales— 

Red  rock  at 600  feet 

Blue  sbalesat 716    " 

Brown  and  black  sbalesat.. 14^60    " 

Trenton  limestone  at„ 1,490    " 

The  well  was  drilled  to  1,605  feet.  A  small  flow  of  gas  was  reached 
at  this  depth,  and  also  oil  and  salt-water.  The  well  was  subsequently 
deepened  twenty-five  feet,  but  without  result.  The  oil  was  lighter  than 
any  previously  obtained  in  the  Trenton,  its  gravity  being  42  B.  This 
fact  was  noted  with  great  interest  by  oil  operators.  The  well  was  shot, 
and  twenty  or  thirty  barrels  of  oil  were  baled  out,  but  when  the  pump 
was  introduced,  there  was  no  answer.    A  second  well,  however,  wa 
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forthwith  projected  by  the  same  company  that  had  drilled  well  No.  1. 
Work  was  begun  early,  but  many  delays  were  experienced,  and  the  Tren- 
ton was  not  reached  until  October,  1886.  This  well  is  located  about  a 
mile  south  of  the  town,  and  on  somewhat  higher  ground  than  the  first 
well.  The  Trenton  limestone  was  found  in  it  at  a  depth  of  1,615  feet, 
or  125  feet  lower  than  in  the  first  well.  Such  a  disposition  of  the  lime- 
stone fioor  as  is  thus  found  in  the  two  wells  would  have  warranted,  on 
the  basis  of  all  the  experience  thus  far  in  hand,  the  confident  conclusion 
that  the  second  well  would  probably  be  filled  with  salt-water  from  the 
start,  or  that,  in  any  case,  the  supply  of  oil  would  be  less  than  in  the 
first,  while  little  or  no  gas  could  be  reasonably  looked  for.  These  natural 
and  apparently  well  warranted  forecasts  were  found,  in  practical  expe- 
rience, to  be  without  foundation.  Well  No.  2  proved  much  more  vigor- 
ous than  No.  1  in  every  way.  It  has  not  yet  been  torpedoed,  but  the 
force  of  the  gas  is  strong  enough  to  lift  the  oil  from  the  considerable 
depth  reported.  Its  production  thus  far  has  been  vaiiously  estimated 
at  three  to  five  barrels  of  light  gravity  oil  per  day.  The  well  has  been 
tubed,  and  the  attempt  has  been  made  to  pump  the  oil;  but  without 
success.  The  history  of  the  two  wells  has  made  quite  a  strong  impression 
on  the  practical  men  who  have  become  acquainted  with  the  facts,  and 
the  leasing  of  territory  is  going  on  rapidly  and  upon  a  large  scale.  New 
wells  are  already  projected,  and  it  is  probable  that  some  further  attempts 
to  develop  the  character  of  the  Trenton  limestone  here  will  be  begun 
during  the  winter  of  1886.  If  an  oil-field  that  can  pay  for  working  is 
developed  at  this  point,  it  will  prove  a  very  important  fact  for  northern 
Ohio,  extending  the  promise  or  production  for  many  hundreds  of  square 
miles  beyond  the  limits  that  now  obtain.  The  probabilities,  however, 
seem  to  be  thus  far  on  the  side  of  a  small  and  unremunerative  production. 

Since  the  above  statements  were  completed,  a  good  deal  has  been 
done  in  Tiffin  and  its  immediate  vicinity  in  the  way  of  exploration  for 
gas  and  oil.  The  second  well  above  referred  to  has  been  shot,  and  its 
volume  of  oil  has  been  somewhat  increased  by  the  operation.  It  is  now 
said  to  flow  twelve  to  fifteen  barrels  per  day.  The  company  that  drilled 
it  has  sold  it,  and  it  is  now  under  the  control  of  an  individual.  Oil  has 
been  shipped  from  this  well  to  Cleveland  refineries. 

The  city  council,  with  the  general  approval  of  the  citizens,  as  is 
understood,  has  availed  itself  of  the  park  law,  which  provides  for  the 
appointment  of  commissioners  in  towns  of  this  size  who  shall  have 
charge  of  the  laying  out  and  care  of  public  parks,  including  the  lighting 
of  the  same  at  night,  and  has  proceeded  to  seek  its  supply  of  light  for 
this  purpose  from  the  Trenton  limestone,  which  lies  1,600  feet  below  the 
surface.    The  commissioners  have  already  drilled  two  wells,  one  east 
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and  the  other  north  of  town,  both  of  which  have  proved  failures  in  every 
sense  of  the  word.  They  have  also  located  two  additional  wells,  one 
west  and  one  south  of  the  town,  and  will  drill  them  forthwith. 

Another  well  has  also  been  sunk  here  which  deserves  more  particu- 
lar mention.  It  is  the  well  of  Loomis  and  Nyman,  and  is  located  on  the 
grounds  connected  with  their  large  machine-shop  and  manufactory  in 
the  heart  of  the  town. 

This  well  was  completed  in  the  summer  of  1887«  The  Trenton 
limestone  was  reached  at  a  depth  of  1,465  feet,  or  about  726  feet  below 
tide.  It  is  but  three-eighths  of  a  mile  from  well  No.  1,  and  in  this 
interval  a  difference  of  twenty-two  feet  in  the  elevation  of  the  Trenton 
limestone  is  found,  the  difference  being  in  favor  of  the  later  well.  The 
facts  of  the  elevation  of  the  Trenton  are  still  more  strikingly  shown 
when  comparison  are  established  with  the  other  wells  of  the  field.  The 
facts  are  stated  below.    Depths  to  the  Trenton  limestone : 

Well  No.  1 1,490  feet 

a 1,616    " 

"        8 1,606    " 

4 1,647    •' 

6 1,466    « 

There  is  a  difference  in  the  surface  elevations  of  about  forty  feet, 
Nos.  2,  3  and  4  being  on  higher  ground  than  Nos.  1  and  6,  but  when  full 
allowance  is  made  for  this  it  is  seen  that  the  Trenton  shows  very  dis- 
cordant structure  here,  and  that  tho  last  well,  which  is  almost  encircled  by 
the  others,  has  a  decided  advantage  over  all  in  respect  to  (he  level  of 
the  oil-rock.  The  well  appears  to  have  another  and  unexpected  advan- 
tage. The  drillers  report  about  ten  feet  of  productive  rock,  which  is 
unmistakably  the  Findlay  dolomite.  This  element  is  certainly  more 
distinct  here  than  in  the  other  wells.  In  fact  it  is  not  known  to  be 
found  in  the  rest.  Underneath  the  ten  feet  of  gas-rock  the  white  flaky 
Trenton  limestone  of  the  unproductive  sort  appeared. 

The  record,  as  furnished  in  general  terms  by  Messrs.  Loomis  and 
Nyman,  is  as  follows : 

The  upper  limestones  were  about  400  feet  thick.  From  250  feet  to 
860  feet  a  succession  of  chert  balls  was  met  that  was  passed  with  great 
difficulty.  The  Clinton  also  consisted  of  a  hard  and  short-grained  lime- 
stone that  made  very  slow  and  difficult  drillings.  The  shales  below 
were  also  quite  short-grained  and  treacherous.  The  well  was  drilled 
with  a  rig  and  tools  constructed  by  Messrs,  Loomis  and  Nyman.  No 
derrick  was  raised,  but  all  the  work  of  the  derrick  was  done  by  a  couple 
of  ladders  that  can  be  set  in  their  places  in  a  few  minutes.  The  descent 
was  rapid  and  successful  in  every  way. 
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The  Medina  ehale  appeared  as  red  rock  for  about  fifty  feet. 

The  Trenton  was  penetrated  for  twenty-nine  feet,  making  the  depth 
of  the  well  1,494  feet.  Gas  was  struck,  as  already  stated,  in  the  upper- 
most ten  feet  of  the  Trenton.  The  volume  is  comparatively  small,  but 
it  proves  ample  for  the  supply  of  a  sixty-horse  power  boiler.  The  pro- 
prietors deem  it  adequate  for  several  such  boilers. 

Measured  by  the  anemometer  August  31,  1887,  the  well  was  found 
to  produce  61,214  feet  in  twenty  four  hours.  Unfortunately  there  is  a 
little  sulphurous  salt-water  at  present  finding  its  way  into  the  well.  It 
may  drip  in  through  defective  casing  from  the  black  Utica  shale,  which, 
as  already  stated,  is  broken  or  short-grainad  in  the  well,  or  it  may  be 
derived  from  the  Trenton  limestone.  The  latter  source,  if  found  to  be 
the  true  one,  will  detract  much  of  its  present  value  from  the  well. 

A  surprising  fact  as  to  the  closed  pressure  of  the  well  remains  to  be 
given.  This  little  vein  accumulates  the  highest  pressure  that  has  ever 
been  reported  from  an  Ohio  gas-well.  Tested  by  a  reliable  gauge,  the 
pressure  passes  the  600-pound  limit  of  the  instrument  with  a  consider- 
able part  of  its  force  unrecorded.  There  is  no  doubt  that  it  would  show 
650  pounds,  and  probably  it  would  register  700  pounds  or  even  more  on 
a  gauge  that  could  record  these  facts.  A  valve  that  was  easily  able  to 
endure  the  strain  of  the  great  Findlay  wells  burst  when  it  was  set  to 
guard  this  scanty  volume  over  night. 

The  increase  of  the  pressure  when  the  gas  is  confined  is  fairly  rapid. 
It  gains  when  the  well  is  dry  about  thirty-three  pounds  in  one  minute. 

The  explanation  of  this  unexpected  pressure  is  obviously  connected 
with  the  depth  of  the  well.  It  has  already  been  urged  that  the  depth  ot 
the  well  is  a  factor  in  the  rock-pressure  of  the  gas  (see  page  100). 

The  initial  rock-pressure  of  the  Bloom  township  field  is  said  to  have 
been  520  pounds  to  the  inch,  and  the  present  rock-pressure,  465  pounds. 
The  first  figure,  at  least,  is  reported  from  the  Simons  well.  The  latter 
well  shows  the  surface  of  the  Trenton  limestone  to  be  300  feet  below 
tide.  Adding  600  feet  to  this  as  the  approximate  elevation  of  the  nearest 
outcrops  of  the  Trenton  limestone  to  the  northward,  we  have  900  feet. 
Treating  the  Tiffin  well  in  the  same  way  we  obtain  the  figures  1,325 
feet.  Proportion  can  be  established  between  these  several  elements  as 
follows : 

900  :  1,325  : :  520  :  766 
900  :  1,326  : :  465  :  640 

It  is  probably  between  these  last  results  that  the  actual  pressure  of 
the  well  stands. 

Whether  the  suggestions  made  above  as  to  the  cause  of  the  astonish- 
ing rock-pressure  of  the  little  Tiffin  well  are  correct  or  not,  there  is 
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scarcely  room  to  doubt  that  the  preesure  is  dependent  upon  the  depth  of 
the  gas-rock. 

BloomfMle. 

Bloomville,  a  small  town  six  miles  southeast  of  Tiffin,  undertook 
the  work  of  drilling  early  in  1886.  Much  delay  was  experienced  in 
sinking  the  well,  the  delay  resulting  from  mistaken  ideas  of  the  geology 
of  the  region,  and  wrong  calculation  as  to  the  depth  of  the  limestone 
stratum.  The  estimates  of  the  contractors  were  based  upon  finding  the 
same  state  of  things  at  Bloomville  as  had  been  found  at  Findlay,  Fostoria^ 
Fremont  and  Tiffin;  but  a  glance  at  the  geological  map  shows  that 
Bloomville  is  located  upon  the  Upper  Helderberg  limestone,  so  that 
nearly  the  whole  thickness  of  the  limestone  series  of  the  state  must  be 
traversed  before  reaching  the  Medina  shale.  In  point  of  fact,  the  upper 
limestones  were  finished  at  3^0  feet,  where  the  casing  was  set.  The 
Trenton  was  found  about  1,900  feet  below  the  surface,  and  drilling  was 
continued  to  2,150  feet.  The  well  was  entirely  dry  throughout  the 
lower  rock,  and  is,  accordingly,  a  complete  failure. 

Marion, 

A  few  wells  drilled  along  the  line  of  the  Columbus  and  Toledo  Rail- 
road will  next  be  described.  The  first  of  them  was  located  at  MiEirion, 
where  work  was  quite  promptly  undertaken  after  the  success  of  Findlay 
had  been  established.  The  well  was  begun  in  June,  1885,  and  finished 
in  November.  It  was  drilled,  as  most  of  the  experimental  wells  have 
been,  by  a  company  of  enterprising  citizens  who  could  well  afford  to 
take  the  risk  involved.  The  contractor  was  Mr.  A.  Coe.  The  town  is 
located  in  the  western  margin  of  the  Upper  Helderberg  limestone,  and 
consequently,  a  thicker  section  of  the  upper  limestones  was  to  be  expected 
in  the  well  than  in  the  northern  towns  where  drilling  had  previously 
been  done.  The  well  was  about  970  feet  above  tide.  The  record,  as 
furnished  by  Mr.  Coe,  is  as  follows : 

Drift 18  feet. 

Upper  limestone,  with  water  at  varioos  levels.. 615  " 

Blue  shale.. 50  " 

Red  shale.. 130  " 

Sandstone  bearing  salt-water.. dO  ^ 

Blue  and  brown  shales 885  ** 

Trenton  limestone  at 1,678  " 

The  well  was  continued  to  1,790  feet,  or  112  feet  into  the  Trenton 
limestone,  when  a  strong  vein  of  salt-water  came  in,  filling  the  well  and 
arresting  the  descent  of  the  tools.  No  oil  or  gas  whatever  were  obtained. 
The  surface  of  the  Trenton  was  a  little  more  than  707  feet  below  tide 
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The  sandstone  reported  below  the  red-rock  must  have  been  of  Medina 
age.  This  phase  is  occasionally  found  in  the  Ohio  wells.  A  well  re- 
cently drilled  to  the  Trenton  limestone  has  repeated  the  record  given 
above  in  its  essential  features.  Two  other  wells  are  projected  at  this 
point,  for  which  no  justification  can  be  found  in  present  experience. 

Upper  Sandusky. 

A  deep  well,  which  was  drilled  in  this  town  472  feet  into  the  Tren- 
ton limestone,  early  in  1886,  proved  a  failure.  The  Trenton  was  found 
at  a  depth  of  1,318  feet,  or  490  feet  below  tide-water.  It  was  barren 
throughout  its  whole  extent,  as  far  as  penetrated.  A  set  of  drilling-tools 
was  left  fast  at  the  bottom  of  the  well.  The  casing  was  first  set  at  180 
feet  in  a  streak  of  shale,  but  a  vein  of  salt-water  that  was  afterward 
met,  required  the  casing  to  be  reset  at  230  feet.  The  Medina  shale,  or 
red-rock,  was  struck  at  300  feet,  and  was  reported  with  a  thickness  of 
90  feet.  The  section  obtained  in  this  well  was,  in  all  respects,  normal. 
For  the  facts  and  for  samples  illustrating  the  stratification,  the  Survey 
is  indebted  to  the  courtesy  oi  Col.  S.  H.  Hunt,  who  was  prominently 
connected  with  the  company  that  drilled  the  well. 

The  citizens  of  the  place  have  been  unwilling  to  abandon  the  hope 
of  proving  themselves  within  the  gas  belt  on  the  ground  of  this  single 
failure,  and  accordingly  the  corporation  has  bonded  itself  to  the  extent 
of  $10,000,  to  be  used  in  drilling  at  least  three  wells  in  or  around  the 
corporation  limits.  Two  of  them  have  already  been  completed.  Both 
were  located  to  the  west  of  the  town.  One  found  the  Trenton  at  1,340 
feet,  and  the  other  at  1,347^  feet.    Both  are  entirely  dry. 

The  composition  of  the  rock  has  not  been  determined  here,  but  it 
is  probable  that  analysis  will  show  it  to  be  of  the  unproductive  sort. 

Whartonsburg. 

A  well  has  recently  been  drilled  in  this  village  (May,  1887),  the 
location  of  which  seemed  to  give  more  geological  promise  than  other 
portions  of  the  county,  inasmuch  as  the  Niagara  limestone  underlies  it. 
This  fact  gave  the  assurance  of  a  higher  level  of  the  Trenton  limestone 
than  in  the  wells  already  reported.  The  result  of  drilling  did  not  sup- 
port this  claim  to  the  extent  expected.  The  record  of  the  well,  as  fur- 
nished by  Dr.  J.  Odenbaugh,  is  as  follows : 
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Drift ^ 48  eet. 

White  limeetone ^  183  " 

Soapstone 200  " 

Red  shale 68  " 

Brown  shale ^ 240  " 

Black  shale 686  " 

Trenton,  at 1,826  " 

Well  finished  at " 1,427  " 

The  record  is  easy  to  interpret,  but  the  division  lines  would  need 
to  be  moved  somewhat  to  agree  with  the  geological  classification. 

The  thickening  of  the  shales  in  this  direction  is  the  fact  of  special 
interest  in  the  record,  the  level  of  the  Trenton  being  kept  rather  low 
by  reason  of  this  fact.  Its  surface  is  about  425  feet  below  tide.  The 
well  was  drilled  without  valuable  result.  At  18  feet  in  the  Trenton 
there  was  a  weak  indication  of  oil.  The  character  of  the  rock  is  doubt- 
less at  fault. 

Nevada. 

A  well  has  been  drilled  during  the  summer  of  1887  at  the  village 
named  above*  It  was  ordered  h}  the  corporation.  Its  record,  as  fur- 
nished by  Mr.  W.  B.  WooUey,  is  as  follows : 

Upper  limestones 600  feet 

Bed  slate 100    " 

Gray  slate 800    " 

Black  slate 268    *' 

Trenton  limestone  found  at 1,763    *' 

Well  finished  at 2,000    " 

The  Trenton  limestone  was  of  the  calcareous  type  already  described. 
It  is  whitish  and  fossiliferous,  and  in  this  condition  rarely,  if  ever,  con- 
tains any  valuable  accumulations.  The  surface  of  the  Trenton  limestone 
is  about  830  feet  below  tide.  The  territory  seems  twice  condemned  by 
the  two  lines  of  facts.  Salt-water  was  struck  before  drilling  was  aban- 
doned. 

Carey. 

Eleven  wells  have  been  drilled  at  Carey  and  in  its  immediate  vicinity 
up  to  the  present  time,  and  several  others  are  to  be  sunk  forthwith. 
This  field  has  proved  somewhat  more  profitable  than  those  last  described, 
or,  in  other  words,  absolute  failure  is  not  to  be  recorded  against  it.  Gas 
was  found  in  the  first  two  wells  in  a  quantity  large  enough  for  utiliza- 
tion in  a  small  way,  but  the  third  found  but  a  feeble  supply,  and  even 
this  soon  disappeared,  so  that  this  well  is  without  any  value  whatever. 
The  record  of  well  No.  1,  as  furnished  by  Baker  and  Marvin,  contractors, 
is  as  follows : 


204  GEOLOGY    OF    OHIO. 

Drift a  feet. 

Upper  limestoneB > 257  *' 

Gray  elate -      66  " 

Red  rock b%  " 

Gray  slate 460  " 

Black  Blate 490  " 

Trenton  (618  feet  below  tide),  at 1,326  " 

Well  flniBhed  at .,./. 1,846  " 

Gas  waa  found  at 1,840  " 

Samples  of  the  drillings  which  were  saved,  afford,  on  examination, 
a  slightly  different  distribution  of  the  shales  from  that  given  in  the 
previous  record.  The  Utica  shale,  for  example,  can  be  counted  here,  as 
in  all  the  other  wells  of  the  region,  as  300  feet  in  thickness.  The  record, 
thus  adjusted,  is  as  follows : 

Drift 2  feet. 

Waterlime  and  Niagara 267    " 

Ni^gara  shale  and  Clinton 66    " 

Medina 62    " 

Hudson  River 650    " 

TJtica 300    " 

The  gas  appeared  in  a  good  flow  from  the  first,  and  the  well  was, 
therefore,  not  torpedoed.  The  failure  to  torpedo  is  now  regarded  as  a 
mistake.  At  a  recent  date  the  casing  was  drawn  and  a  torpedo  was  ex- 
ploded in  the  Trenton.  The  flow  of  gas  was  greatly  strengthened  there- 
by, but  the  gas  was  no  longer  dry.  The  well  produced  several  barrels  of 
oil  per  day.  The  oil  has  since  mainly  disappeared,  and  the  gas  is  left 
in  largely  increased  flow  from  its  former  state.  The  closed  pressure,  at 
first,  was  reported  at  335  pounds,  but  it  soon  rose  to  435  pounds,  which 
is  in  excess  of  the  rock-pressure  at  Findlay.  The  Carey  well  required 
an  hour  to  reach  its  maximum.  A  measure  of  its  production  was  ob- 
tained in  July  by  the  use  of  the  anemometer,  and  a  daily  production  of 
27,163  feet  was  determined  thereby.  The  second  well,  which  was  1,300 
feet  west  of  No.  1,  shows  an  unexpected  descent  of  fifty  feet  in  the  series 
in  that  direction,  the  Trenton  limestone  being  found  at  1,374  feet,  or  560 
feet  below  tide-water.  In  all  other  respects,  the  well  duplicated  the 
record  of  No.  1,  as  to  stratification.  There  was  but  small  promise  in  this 
well  when  first  brought  in,  the  and  drilling  was,  accordingly,  continued 
to  1,428  feet.  The  well  was  then  torpedoed  with  thirty  quarts  of  nitro- 
glycerine at  the  surface  of  the  Trenton,  and  the  flow  of  gas  was  greatly 
improved  thereby.  In  fact,  all  the  force  that  the  gas  possessed  seemed 
to  be  the  result  of  this  operation.  The  flow  of  gas,  measured  in  July, 
showed  a  daily  yield  of  21,375  feet.  The  well  reached  a  pressure  of  385 
pounds  in  2^  hours,  according  to  the  reports  of  the  company.    A  fine 
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flow  of  gas  was  found  in  the  Hudson  River  shale,  at  a  depth  of  854  feet, 
but  it  blew  itself  out  in  about  seven  days. 

Well  No.  3, 1,300  feet  north  of  No.  2,  was  drilled  in  July,  1886.  The 
surface  of  the  Trenton  was  found  at  1,316  feet,  or  498  feet  below  tide, 
and  the  drill  was  carried  to  1,407  feet.  The  character  of  the  Trenton 
rock  seemed  more  promising  in  every  way  than  in  either  of  the  other 
wells,  except  in  the  all-important  matter  of  production.  It  yielded  a 
little  gas,  but  a  torpedo  of  sixty  quarts  brought  no  improvement  to  it 
and  the  quantity  was  altogether  insignificant.  The  record  of  the  last  two 
wells  shows  the  futility  of  forecasts  as  to  the  rebults  of  drilling^  even  in  a 
field  as  regular  as  this.  The  level  of  the  gas-rock  is  one  potent  factor  in 
the  production  of  a  well ;  but  other  factors  come  into  the  composition 
of  the  problem  to  such  an  extent  that  the  risks  of  drilling  would  be  but 
little  diminished  if  the  strata  were  all  exposed  so  that  their  dips  and 
folds  could  be  thoroughly  explored  and  understood  before  the  well  was 
located.  The  remaining  elements  would  baffle  the  wisest  use  that  could 
be  made  of  this  first-named  factor.  The  Niagara  shale  is  distinctly 
shown  in  this  well,  in  a  stratum  of  fifteen  feet  in  thickness  It  was 
not  reported,  although  doubtless  present,  in  the  preceding  wells. 

These  wells  were  drilled  by  private  enterprise.  The  gas  was  first 
used  in  generating  power  for  the  flouring-mills  in  town.  Well  No.  1, 
with  its  27,000  feet  per  day,  was  not  quite  equal  to  the  task  of  furnish- 
ing steam  for  an  80-horse-power  engine,  but  it  is  probable  that  the  gas 
was  burned  at  a  considerable  disadvantage.  With  well  No.  2  thrown 
into  the  supply,  there  was  a  surplus,  which  was  used  in  a  few  stoves  and 
a  few  lights  in  the  village.  The  Carey  gas  seems  less  ofiensive  than 
Findlay  gas,  so  far  as  sulphur  compounds  are  concerned,  but  it  is  probable 
that  analysis  would  show  it  to  have  essentially  the  same  composition. 

The  corporation  of  the  village  has  recently  decided  to  drill  other 
wells  at  the  expense  of  the  town,  to  be  used  in  lighting  and  heating  and 
and  in  supplying  power  for  other  purposes.  The  work  will  proceed 
durii  g  the  present  winter.  The  town  is  to  be  piped  under  the  same 
system. 

Since  the  preceding  paragraphs  were  written,  the  corporation  has 
bonded  itself  for  S 18  000,  and  has  drilled  three  wells,  all  of  which  have 
virtually  proved  failures.  The  last  one  gave  rise  to  a  strong  stream  of 
potable  water  from  the  upper  limestones,  and  may  pay  for  itself  in  this 
way.  The  corporation  has  expended  but  a  small  part  of  the  fund  at  its 
disposal,  and  has  wisely  withdrawn  from  this  unproductive  exploration. 
In  the  ridge  that  passes  to  the  north  and  west  of  the  town,  the  Niagara 
limestone  comes  to  the  surface.  Its  appearance  as  a  surface  rock  is  a 
pledge  that  the  Trenton  limestone  will  be  found  at  less  depth  than  in 
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the  wells  which  are  begun  in  the  adjacent  Waterlime  territory.  The 
farmers  of  the  ridge  neighborhood  formed  a  company  in  1887  to  test 
their  locality.  The  first  well  was  put  down  two  and  one-half  miles  north 
and  west  of  Carey.    Its  record  is  as  follows : 

Elevation  of  well-head,  approximate 860 

Drift 14 

Cased  at 274 

Medina  shale,  quite  thick. 

Trenton  reached  at  1,340,  or  490  feet  below  tide. 

Well  shot  with  sixty  quarts  of  nitro-glycerine. 

Before  the  use  of  the  torpedo,  the  flow  of  gas  was  very  light.  Measured 
May  3,  the  open  pressure  in  a  two-inch  pipe  at  the  well-head  was  two 
and  one-half  pounds.  This  indicates  a  daily  yield  of  1,250,000  cubic 
feet.  A  remarkable  fact  in  regard  to  the  well  remains  to  be  added. 
When  shut  in,  its  pressure  rises  to  fifty  pounds  almost  instantly,  but  be- 
yond this  point  it  never  rises.  A  maximum  closed  pressure  of  sixty 
pounds  is  recorded.  No  other  well  in  the  field  is  known  to  havjB  a  his- 
tory like  this.    No  explanation  is  attempted  at  this  time. 

Ridge  well.  No.  2,  was  of  small  value.  No.  3  was  also  dry,  but  No.  4 
has  proved  much  the  best  in  the  vicinity  of  Carey.  A  fifth  well,  drilled 
on  the  ridge  by  a  Carey  company,  proved  dry. 

The  original  gas  company  has  sold  out  its  plant  to  a  new  company, 
in  which  foreign  capital  is  predominant.  This  company  is  piping  and 
supplying  the  town,  and  is  also  making  still  further  proof  of  the  rock 
at  Carey,  by  putting  down  two  new  wells.  It  is  also  negotiating  for  the 
purchase  of  the  ridge  wells,  No?.  1  and  4. 

Carey  appears  to  be  on  the  extreme  eastern  edge  of  the  productive 
Trenton  territory  of  the  Findlay  field.  There  are  certain  promising 
features  in  its  structure,  as  has  been  revealed  by  the  drill.  A  rise  of 
fifty  feet  in  a  quarter  of  a  mile  is  an  important  fact,  and  further  drilling 
here  may  show  better  results  than  those  already  found,  but  it  is  scarcely 
to  be  expected,  in  view  of  the  large  amount  already  expended  within 
the  corporation,  that  valuable  stores  of  gas  are  immediately  available 
here.  Both  of  the  fact'  rs  on  which  production  turis  seem  to  condemn 
the  immediate  vicinity  of  Carey.  The  Trenton  limestone  is  no  longer 
a  dolomite,  and  cannot  therefore  prove  to  be  a  first-rate  oil-rock,  and 
besides  this,  it  lies  at  or  below  the  dead  line  of  the  field. 

Carey  is,  however,  fortunate  in  leaving  gas  within  easy  reach.  The 
ridge  wells  promise  a  supply  ample  for  all  the  demands  of  the  town, 
present  and  prospective. 

The  rates  for  Carey  gas  at  present  are  as  follows,  the  contracts  run- 
ning for  five  years : 
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Ck>okmg  Btoves  (average  for  year) $1.29  per  month. 

Heating  "  "  1.68 

Gas-bumerB 15  " 

Different  rates  are  established  for  summer  and  winter.  This  fact 
will  explain  the  unusual  figures  given  above. 

The  Carey  wells  proper  are  seen  to  be  of  comparatively  small  ac- 
count. If  the  best  of  them  should  continue  their  flow  undiminished 
at  their  best  estate,  they  would  pay  interest  on  the  investment  and  a 
little  more ;  but  the  initial  cost  of  the  wells  would  remain  in  substance 
charged  against  them  with  no  provisions  for  its  return  to  the  investors* 
But  if  the  wells  fail  within  a  year,  they  must  become  a  tax  upon  their 
owners  for  the  entire  amount  expended  in  them.  It  is  a  misfortune  to 
a  town  to  discover  gas  in  such  limited  quantities  as  such  a  supply 
would  prove  to  be. 

Bradner. 

In  the  early  part  of  1886,  a  well  was  drilled  at  Bradner,  a  few  miles 
north  of  Fostoria.  The  facts,  as  furnished  by  John  Edmondson,  Secre- 
tary of  the  Company,  are  as  follows :  The  well-head  was  193  feet  above 
tide.    There  was  found  in  drilling  : 

Drift 20  feet 

Upper  limestones 802    " 

Shales 880    " 

Two  bands  of  red  rock  were  reported,  one  of  thirty  and  another  of 
twenty  feet  in  thickness,  which  are  probably  the  uppermost,  Clinton, 
and  the  lower,  Medina,  in  age.  The  Trenton  was  found  at  1,222  feet,  and 
was  drilled  to  1,244  feet.  Its  upper  surface  was  529  feet  below  the  tide. 
The  rock  showed  oil  in  small  amount,  but  as  the  well  has  never  been 
torpedoed,  the  actual  value  of  the  Trenton  at  this  point  can  scarcely  be 
properly  estimated.  The  town  seems  to  lie  a  little  beyond  the  outside 
limit  of  large  production  as  thus  far  determined  by  the  record  of  wells 
that  have  been  drilled.  The  practical  oil  producers  evidently  see 
some  promise  in  the  record  of  this  well,  and  will  probably  make  other 
trials  of  the  Trenton  here  at  an  early  date. 

The  chief  point  of  interest  in  the  field  lay  in  the  character  of  the 
oil.  Its  gravity  was  42^  Beaume,  and  it  was  thought  to  be  less  notice- 
ably charged  with  sulphur  products  than 'Lima  oil.  It  was  believed 
that  it  could  therefore  be  refined  much  more  easily  and  profitably. 
These  facts  led  Messrs.  Wise  and  Edwards^  who  began  refining  in  Lima, 
to  establish  a  plant  at  Bradner.  They  counted  on  obtaining  an  oil 
supply  for  small  works  from  wells  to  be  sunk  in  the  immediate  vicinity. 
In  this  they  were  disappointed.    The  first  well  proved  better  than  any 
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that  followed  it,  and  all  can  be  set  down  as  total  failures.  The  oil 
agrees  in  gravity  and  other  characteristics  with  that  of  the  great  wells 
of  the  North  Baltimore  fields,  so  that  the  location  would  have  nothing 
to  recommend  it  even  if  small  wells  were  possible  here. 

The  refining  works  established  here  will  be  described  in  another 
section. 

Rising  Sun  and  PemberviUe, 

Wells  have  been  drilled  in  both  these  towns  during  1887,  but  with- 
out valuable  result.  In  the  first  instance  a  little  oil  was  obtained,  in 
the  second,  nothing.  The  records  of  the  wells  have  not  been  secured. 
There  is  nothing  in  either  out  of  the  ordinary  line  of  facts.  The  char- 
acter of  the  oil  from  the  Rising  Sun  well  is  reported  good.  The  capa- 
city of  the  well  was  counted  16  to  20  barrels  per  day  by  some  observers, 
but  the  estimate  is  doubtless  too  generous.'  The  PemberviUe  well  was 
drilled  300  feet  into  the  Trenton  limestone  and  was  shot,  but  proved 
entirely  dry. 

Toledo. 

The  interest  of  a  city  like  Toledo  in  natural  gas  is  apparent. 
The  enterprise  of  her  citizens  instituted  the  proper  test  of  the  new  hori- 
zon  at  an  early  date.  The  Toledo  Boiling  Mill  Company  sunk  a  well 
to  the  Trenton  in  October,  1885,  and  presently  afterward  a  second  well. 
The  record  of  the  first,  as  furnished  by  T.  H.  Walbridge,  Esq.,  is  as 
follows: 

Drift  clay llOfeet. 

Upper  limestones 464    " 

Gas  at 665    " 

Shales 834    " 

Trenton  limestone  found  at  1,398  feet,  or  about  800  feet  below  the  sea-level. 

Well  finished  at- 1,428  feet. 

Salt-water  came  in  at  this  point 

The  well  was  afterward  torpedoed  at  1,398  feet,  with  276  pounds  of 
rackrock,  and  at  665  feet  with  seventy-five  pounds.  A  feeble  flow  of 
gas  was  secured  thereby,  amounting  to  about  7,000  feet  per  day.  The 
second  well  was  of  much  the  same  character.  It  was  drilled  to  1,500  feet 
in  depth,  but  it  made  no  return  whatever. 

J.  H.  Hiett  and  Son  drilled  a  third  Toledo  well,  at  the  Air  Line 
Junction  west  of  the  city.    The  record  is  as  follows : 

Clay.. 80  feet 

Sand  and  gravel  40    " 

Upper  limestones^ 466    " 

Blue  slate 6    " 

Stray  lime  rock.. 150    " 

Slate  and  shale. 686    " 
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The  "stray  lime  rock"  of  the  driller  probably  includes  the  lower  beds 
of  the  Clinton  and  the  uppermost  of  the  Hudson  River,  with  the  inter- 
vening Medina  shale.  The  Trenton  was  struck  at  1,413  feet.  A  small 
volume  of  gas  and  oil  was  obtained  at  700  feet,  or  near  the  top  of  the 
Hudson  River  series,  but  the  Trenton  was  unproductive. 

A  fourth  well  has  been  drilled  during  the  summer  of  1887  at  Point 
Place,  below  the  city,  from  the  behavior  of  which,  short-lived  hopes 
were  raised  of  a  home  supply  of  gas  for  Toledo.  Quite  a  volume  of  gas 
was  developed  after  shooting  the  well,  but  it  was  soon  drowned  out  by 
the  ever-present  floods  of  salt-water.  It  found  the  Trenton  at  a  consi- 
siderably  lower  level  than  the  other  wells,  according  to  report. 

With  this  failure,  and  with  the  advent  of  two  pipe  lines  brought 
in  from  the  great  gas-field  of  Bloom  township.  Wood  county,  the  search 
for  natural  gas  at  Toledo  will  probably  be  abandoned.  The  pipe  lines 
will  be  described  in  another  connection. 

A  well  was  drilled  in  1885,  at  South  Toledo,  by  Mr.  C.  B.  Orvis,  for 
the  village  corporation.  It  is  said  that  a  fair  volume  of  gas  was  obtained 
here,  but  the  title  to  the  well  became  involved,  and  was  referred  to  the 
courts  for  a  decision,  which  has  not  yet  been  reached.  The  well  agrees 
in  the  general  section  with  the  three  already  reported  for  Toledo,  but 
the  Trenton  was  nearly  seventy  feet  higher  here  than  in  the  city  wells. 
A  well  is  now  being  drilled  in  Perrysburgh,  the  record  of  which  will  re- 
inforce or  correct  the  conclusions  drawn  from  those  already  described. 

The  results  of  drilling  at  a  few  points  east  of  Toledo  will  next  be 
given.  Oak  Harbor,  Port  Clinton,  La  Carne  and  Rocky  Ridge,  Elmore, 
Genoa  and  Lindsey  and  Woodville,  Gibsonburg  and  Burgoon  are  on  this 
list.  The  first  six  are  situated  on  branches  of  the  Lake  Shore  Railway, 
and  the  last  two  on  the  Northwestern  Ohio  Railway. 

The  persistency  with  which  Ottawa  and  Sandusky  counties  have 
been  tried  by  the  drill  is  due  to  the  fact  that  they  lie  on  the  northeast 
line  from  the  developed  oil  and  gas-fields.  Pennsylvania  experience  has 
so  impressed  this  line  on  the  driller's  mind  that  he  unhesitatingly  ap- 
plies it  to  every  field.  It  is  a  superstition  when  applied  to  this  part  of 
Ohio,  as  the  practical  men  are  slowly  learning  at  great  cost  to  them- 
selves. 

14        Q. 
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Oak  Harbor. 

The  Natural  Gas  Company,  of  Oak  Harbor,  brought  in  a  trial  well 
drilled  to  the  Trenton  on  July  5,  1886.  The  well-head  is  576  feet  above 
tide.    The  record  is  as  follows : 

Drift A 89  feet. 

Upper  limestones 371  " 

Cased  at 410  " 

Gas  (apparently  in  the  Clinton)  at.. m 547  " 

Red  rock 160  " 

Hudson  River  and  Medina  shales. 740  " 

Trenton  TZi  feet  below  tide  at.... 1,300  " 

Gas  was  found  at  1,303  feet  in  the  Trenton,  and  continued  to  in- 
crease to  1,316  feet.  The  well  was  carried  to  1,336  feet.  A  small  quan- 
tity of  oil  of  38J  gravity  was  also  produced  with  the  gas,  and  the  inevit- 
able salt-water  was  found  at  the  same  horizon.  The  oil  does  not  at  present 
amount  to  more  than  one  barrel  per  month.  It  was  raised  with  the  gas. 
The  well  was  torpedoed  at  both  productive  horizons,  at  the  lower,  or 
Trenton,  with  sixty  quarts  of  nitro-glycerine,  and  in  the  Clinton  with 
ten  quarts.  The  closed  pressure  rose,  after  the  well  was  completed,  to 
101  pounds  in  forty  minutes.  The  yield  of  gas  at  the  same  date,  as 
shown  by  the  anemometer,  was  78,250  cubic  feet  per  day.  Arrangements 
were  at  once  made  to  utilize  the  gas  for  power  in  the  mill  adjoining  the 
well,  and  for  heating  and  lighting.  The  flow  is  said  to  be  maintained 
without  apparent  diminution.  If  it  continues  on  the  same  scale  for  a 
few  months  longer,  the  well  will  have  paid  for  itself.  The  experience  of 
Oak  Harbor  is  interesting  and  important  in  this  respect,  as  showing  the 
smallest  yield  of  gas  that  has  been  made  really  profitable  in  dollars  and 
cents  to  the  parties  that  drilled  the  well. 

A  second  well  was  not  as  fortunate  as  the  first.  The  Trenton  was 
found  at  1,326  feet,  or  twenty-six  feet  lower  than  in  well  No.  1,  but  still 
it  made  a  fair  showing  of  dry  gas.  The  fear  of  salt-water  arrested  the 
drilling  before  the  possibilities  of  gas  were  exhausted.  After  being 
torpedoed  with  sixty  quarts  of  nitroglycerine  ii\  the  Trenton,  the  well 
filled  rapidly  with  salt-water,  which  the  gas  had  not  energy  enough  to 
expel.  After  the  well  was  pumped,  the  gas  slowly  returned,  the  pressure 
rising  to  twenty  pounds  in  forty  minutes.  This  well  appears  to  be 
practically  a  failure,  its  best  yield  probably  falling  short  of  20,000  cubic 
feet.  The  two  together  are  made  at  present  to  supply  fifty-four  stoves 
and  fifty-six  lights,  which  bring  in  $1,100  per  annum.  The  surplus  is 
used  in  the  mill  at  the  rate  of  $30  per  month  for  a  full  supply,  which 
cannot,  however,  be  furnished.  The  oil  that  appears  with  the  gas  is 
carried  direct  to  the  mill  furnace,  and  is  there  used.    (Aug.  1886.) 
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The  third  well  that  was  drilled  late  in  1886,  is  located  on  the  south 
flide  of  the  river.  It  proved  far  more  vigorous  than  well  No.  1.  It  is 
not  known  to  have  been  measured,  but  it  is  commonly  estimated  as 
producing  200,000  or  more  feet  of  gas  in  a  day.  It  is  the  main  reliance 
of  the  pipe  line,  but  it  fails  to  provide  a  full  supply  for  the  demand,  and 
the  fourth  well  is  now  being  drilled  in  the  vicinity  of  No.  3. 

Oak  Harbor  furnishes  the  only  important  exception  thus  far  on 
record  to  the  first  law  as  to  the  limits  of  production,  viz.,  that  which 
makes  the  dead  line  500  feet  below  sea-level.  The  explanation  of  the 
exception  is  obvious.  In  fact,  the  geological  map  of  Winchell  foreshad- 
owed it,  a  dozen  years  ago.  There  is  an  uplift  or  fold  of  the  strata  pass- 
ing through  Oak  Harbor* 

It  is  part  of  the  bifurcated  axis  that  Winchell  pointed  out  in  his 
report  on  Ottawa  county,  in  Volume  II,  Geology  of  Ohio.  The  Niagara 
limestone  comes  to  the  surface  here  in  an  unexpected  way,  after 
having  sunk  from  the  Genoa  ridge  below  the  Waterlime.  It  is  quite 
unlikely,  however,  that  it  occupies  as  large  an  area  as  is  represented 
on  Wincheirs  map.  The  larger  part  of  this  territory  must  be  added 
to  the  Waterlime. 

The  gas  supply  found  at  Oak  Harbor  is  the  only  gas  or  oil  from 
the  new  horizon  that  has  not  cost  more  than  it  comes  to  when  ob- 
tained from  a  greater  depth  than  600  feet  below  sea-level.  It  is  not  a 
large  supply,  but  it  appears  to  be  economically  valuable.  Still  it  must 
be  recognized  that  production  here  turns  on  a  narrow  margin.      , 

The  first  well  was  drilled  a  trifle  too  deep,  as  it  was  counted,  and 
produces  oil  and  salt-water  as  well  as  gas;  the  second  was  drilled  a 
trifle  too  shallow,  and  was  a  failure. 

Two  deep  wells  have  been  drilled  in  Elmore  within  the  last  year^ 
the  first  by  Mr.  C.  Metz,  proprietor  of  the  Elmore  flouring-mill,  and  the 
second  by  the  Elmore  Gas  and  Oil  Company.  The  surface  of  the  ground 
where  the  wells  are  located  is  668  feet  above  tide.  No  accurate  record 
was  obtained  of  well  No.  1,  but  the  series  appears  to  have  been  normal 
in  all  respects.  Two  red  bands  were  found,  as  in  several  other  wells  al- 
ready reported,  one  in  the  Clinton  and  one  in  the  Medina  horizon.  The 
Trenton  limestone  was  a  little  more  than  1,260  feet  deep,  or  about  600 
feet  below  sea-level.  The  Trenton  was  dry  when  it  was  reached,  and 
the  record  was  the  same  after  the  well  was  twice  torpedoed. 

A  better  record  of  the  second  well  was  obtained.    It  is  as  follows : 
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Drift 42  feet. 

Upper  limestone 410    " 

Red  Bhale.. 60     « 

Gray  shale,  Brown  shale,  and  ''soapstone" 808}  " 

Depth  of  Trenton 1,263}  feet 

When  the  Trenton  was  first  struck,  a  small  quantity  of  oil  appeared* 
The  well  was  then  torpedoed  with  seventy  quarts  of  nitro-glycerine,  and 
tubed  for  pumping.  It  lay  for  a  week  after  the  shot,  and  then  yielded 
to  the  pump  about  thirty  barrels  of  oil  of  thirty-three  degrees  gravity,  but 
the  oil  had  stood  exposed  in  the  tank  for  a  number  of  days,  so  that  this 
determination  is  scarcely  fair.  The  pump  ceased  to  deliver  oil  with  the 
first  thirty  barrels.  It  was  thought  to  be  stopped  with  sand.  Since  the 
remarkable  developments  of  the  Lima  oil-field,  all  of  these  indications 
of  new  oil-territory  have  been  carefully  noted  by  producers,  and  much 
interest  seems  to  be  taken  in  the  Elmore  development.  Territory  has 
already  been  leased  here  upon  a  large  scale.  Further  and  decisive  tests 
will  soon  be  made  of  the  character  of  the  Trenton  as  a  source  of  oil  in 
this  locality.  (The  results  of  the  tests  above  referred  to  are  not  such  as 
to  afford  encouragement  to  expect  any  large  or  valuable  supplies  of  oil 
or  gas  from  this  region.    Sept.  1887.) 

Port  Clinton. 

Port  Clinton,  the  county  seat  of  Ottawa  county,  followed  the  pre- 
vailing fashion  and  drilled  a  deep  well  in  the  winter  of  1886-7.  Its 
record,  as  deduced  from  samples  kindly  furnished  by  S.  Motley,  Esq.,  is 
as  follows : 

Feet. 

Drift 48 

Lower  Helderberg  limestone  (containing  gypsum  beds  at  90,  190} 250 

Niagara  limestone 200 

Niagara  shale 60 

Clinton  limestone 160 

Medina  shale 60 

Hudson  River  shale 460 

Utica  shale 360 

Trenton  limestone 67 

The  Trenton  limestone  was  reached,  as  the  record  shows,  at  a  depth 
of  1,660  feet,  or  about  1,079  feet  below  tide.  It  was  entirely  unproduc- 
tive. The  strata  are  seen  to  be  dipping  rather  rapidly  to  the  eastward, 
the  descent  of  the  Trenton  from  Oak  Harbor  to  this  point  being  nearly 
860  feet.  The  distance  is  11  miles,  and  the  rate  is  thus  seen  to  be  a  little 
more  than  30  feet  to  the  mile. 
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La  Came, 

A  well  was  drilled  here  in  the  fall  of  1886,  the  record  of  which 
was  not  made  public,  in  detail.  The  drift  is  said  to  have  been  100 
feet  thick,  and  the  Trenton  limestone  was  found  between  1,600  and 
1,700  feet  below  the  surface.  Nothing  of  value  was  found  in  the  well, 
unless  the  strong  stream  of  water  from  the  upper  limestones  shall  be  so 
counted. 

A  well  is  being  drilled  at  Rocky  Ridge  at  the  present  time,  which 
will  doubtless  repeat  the  monotonous  record  of  failure,  or  light  produc- 
tion, which  is  often  worse  than  failure.  The  Trenton  limestone  has  been 
followed  to  the  eastward  until  its  composition  is  changed,  and  it  is  no 
longer  an  oil  or  gas-rock  in  any  worthy  sense  of  the  word. 

Qmoa. 

The  results  of  the  drilling  done  in  this  town  in  May,  1887,  were 
kept  secret  by  the  company  that  did  the  work,  for  a  while  at  least,  and 
no  full  record  of  the  well  can  be  given.  The  following  facts  were  kind- 
ly furnished  by  Wm.  Humlong,  Esq. : 

The  well  was  cased  at  440  and  the  Trenton  limestone  was  struck  at 
1,292,  or  660  feet  below  tide,  Gas  was  found  at  520,  820, 1,303  and  1,308 
feet.  The  well  was  shot  with  40  quarts  of  nitroglycerine,  and  the  gas 
flow  was  estimated  to  have  been  increased  one-third  thereby.  Oil  also 
appeared  with  the  gas.  The  supply  of  both  is  probably  small,  but  the 
gas,  as  might  be  expected  from  the  considerable  depth  at  which  it  was 
fitruck,  has  quite  high  pressure. 

lAndsey. 

In  the  village  of  Lindsey,  two  wells  have  been  recently  drilled  to 
the  Trenton  limestone.  This  rock  was  struck  at  somewhat  less  than 
1,300  feet  below  the  surface.  The  first  well  showed  a  little  gas  and  oil 
with  a  good  deal  of  salt-water.  The  second  produced  salt-water  pure  and 
simple,  filling  up  within  25  feet  of  the  surface.  The  great  supply  was 
struck  at  70  feet  in  the  Trenton  limestone. 

Woodville, 

The  village  of  Woodville  produces  a  lime  of  excellent  character 
and  reputation.  To  provide  cheaper  fuel  for  burning  the  stone  was  a 
main  aim  of  a  test-well  put  down  to  the  Trenton  at  this  point  early  in 
1886.  The  elevation  of  the  well-head  is  about  668  feet  above  tide.  The 
Trenton  was  struck  at  1,184  feet.  Its  upper  surface  is  thus  seen  to  be 
£86  feet  below  tide.  The  upper  limestone  ends  at  about  390  feet,  the 
oasing  being  set  at  394  feet.    There  were  160  feet  of  red  rock,  or  Medina 
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shale.  Salt-water  in  small  quantity  was  struck  in  the  uppermost  beds 
of  the  Trenton.  The  well  was  carried  down  to  1,460  feet  without  a  sign 
of  oil  or  gas,  and  at  that  depth  a  flow  of  salt-water  was  unlocked  that 
filled  the  well  and  made  further  progress  altogether  impracticable. 

Oibsonburg  a/nd  Burgoon. 

Trials  of  the  Trenton  limestone  have  been  made  in  both  of  these 
towns  during  the  present  year.  In  the  latter  case  a  little  gas  was  found 
in  the  Trenton  limestone,  but  a  descent  of  160  feet  into  this  stratum 
failed  to  make  any  additions  to  the  insignificant  amount  that  was  first 
obtained. 

Clyde. 

Drilling  was  begun  in  Clyde  in  the  summer  of  1886.  Great  difficulty 
was  experienced  in  getting  through  the  heavy  beds  of  drift  at  the  point 
where  the  well  was  first  located.  Two  contractors  successively  undertook 
the  work,  but  quick  sand  and  bowlders  prevented  either  from  reaching 
bed-rock.  The  drift  was  more  than  130  feet  thick  at  this  point,  and  its 
composition  made  it  peculiarly  difficult  to  pass. 

A  new  location  was  made,  and  the  third  contractor  found  the  bed- 
rock at  fifty-seven  feet.  The  first  rock  struck  was  the  Waterlime,  170- 
feet  of  which  were  loose  and  shelly,  making  the  drilling  slow  and  trouble- 
some. Underneath  these  beds,  gypsum^  gray  limestone,  white  limestone 
and  blue  limestone  were  found  in  succession.  The  Niagara  shale  wacr 
well  represented  in  thirty  feet  of  fine  greenish  "soapstone." 

The  Trenton  limestone  was  reached  at  1750  feet,  or  about  1070  feet 
below  tide.  The  drilling  was  continued  100  feet  into  the  Trenton  with- 
out result.  The  Trenton  limestone  holds  the  same  depth  below  the  se& 
in  this  well  that  it  has  at  Port  Clinton,  which  is  due  north  of  Clyde* 
The  contour  lines  of  the  Trenton  have  before  been  found  to  follow  & 
north  and  south  direction  in  this  part  of  the  state. 

Bellevue  and  Oreen  Springs. 

The  adjoining  towns  above  named  have  both  made  attempts  to 
reach  the  Trenton  limestone  within  the  past  year,  or  are  now  engaged 
in  sinking  to  the  new  horizon.  Their  geological  conditions  are  similar, 
except  that  Bellevue  has  a  somewhat  longer  section  of  the  upper  lime- 
stone than  Oreen  Springs. 

The  Bellevue  well  was  begun  at  an  elevation  of  747  feet  above  tide,, 
and  in  the  upper  beds  of  the  Upper  Helderberg,  or  Devonian  limestone. 
Rock  was  struck  at  seventeen  feet.  The  Upper  limestone  proved  to  be  1,000" 
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feet  thick.  For  carefully  kept  samples  of  this  interesting  series  the 
Survey  is  indebted  to  Hon.  Peter  Brady,  ex-Treasurer  of  the  State. 
There  was  "red  rock"  for  250,  as  reported,  but  it  is  possible  that  both 
the  Clinton  and  the  Medina  are  included  under  this  measure.  The 
drilling  was  very  slow  and  troublesome.  The  rocks  of  this  region  are 
much  disturbed  in  structure,  and  the  tools  were  continually  following 
crevices  into  forbidden  paths.  The  work  has  been  suspended  here, 
temporarily,  at  least,  at  the  depth  of  1,700  feet,  the  bottom  of  the  well 
now  being  in  the  Hudson  River  shale.  The  Trenton  would  be  due  here 
at  about  2,150  feet,  or  at  about  1,400  feet  below  tide. 

A  second  trial  is  now  in  progress  at  this  point,  but  the  results  of  it 
are  not  at  hand. 

In  the  brief  review  that  has  now  been  made  those  wells  have  been 
described  that  have  been  drilled  to  the  Trenton  limestone  under  the 
new  interest  in  territory  lying  east  of  Findlay  and  Toledo,  and  that  are 
located  within  the  outcrops  of  the  limestone  series  of  the  state.  The 
list  is  by  no  means  complete,  but  all  the  facts  that  are  of  economic  in- 
terest or  importance,  that  have  come  to  hand,  have  been  stated.  All  the 
additions  to  be  made  to  the  list  already  given,  would  only  be  additional 
failures. 

A  few  wells  remain  to  be  described  that  are  located  in  the  outcrop  either 
of  the  Ohio  shale  or  Waverly  group,  to  the  eastward  of  those  already  cata- 
logued* These  wells  will  be  treated  on  a  subsequent  page.  The  remain- 
ing wells  of  Wood,  Hancock  and  Allen  counties,  and  the  wells  of  Hardin 
county  will  next  be  described.  The  first  section  will  comprise  those 
that  are  located  along  the  line  of  the  Lake  Erie  and  Western  Railway 
between  Fremont  and  Lima. 

Beaver  Dam,  Bluffton^  Cannon^rg,  RawsoUj  wnd  ML  Cory, 

The  well  drilled  at  Beaver  Dam  was  among  the  first  test-wells  of 
the  Trenton  Rock  Oil  Company.  It  was  located  on  the  northeast  line 
that  was  believed,  in  the  beginning  of  operations  here,  to  lead  to  fortune. 
The  Trenton  limestone  was  found  at  1,309  feet,  or  at  a  depth  of  445  feet 
below  tide  water.  The  rock  contained  both  oil  and  salt-water.  It  was 
abandoned  without  being  torpedoed,  and  leases  dependent  upon  it  were 
given  up.  Certain  developments  in  the  Lima  field  have  raised  the 
question,  whether  it  was  not  too  hastily  abandoned.  There  are  some 
who  believe  that  possibilities  for  productive  territory  are  still  to  be  found 
in  this  entire  vicinity. 

Two  wells  drilled  five  miles  east  of  Beaver  Dam,  in  Orange  town- 
ship, Hancock  county,  in  September  and  October,  1886,  may  be  recorded 
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here*  The  Trenton  limestone  was  found  424  feet  and  426  feet  below 
tide,  but  higher  by  fifty  to  sixty  feet  than  in  the  wells  that  surround 
them  on  several  sides.  The  rise  toward  this  point  is  most  marked  on 
the  southeast  and  north,  and  least  conspicuous  to  the  westward.  The 
wells  proved  to  be  gas-wells  of  moderate  value.  Measured  September 
25,  1886,  the  first  well  was  yielding  172,224  cubic  feet  per  day.  Two 
or  three  such  wells  that  maintained  their  flow  would  give  volume 
enough  to  warrant  piping  the  towns  near  by,  that  wouJd  eagerly  utilize 
the  supply.  These  wells  are  known  as  the  Motter  and  the  Charles  wells, 
and  were  drilled  for  J.  B.  Townsend  and  others,  of  Lima. 

Bluflfton  drilled  in  May,  1886.  The  territory  had  been  leased  for 
some  time  by  oil  operators,  but  it  remained  for  the  citizens  to  make  the 
test  of  this  neighborhood.  A  company  was  formed  and  $1,500  raised  in 
$20  shares.  The  Trenton  limestone  was  reached  at  the  depth  of  1,296 
feet,  or  about  460  feet  below  tide  water.  The  record,  as  furnished  by  A. 
D.  Lugibihl,  Epq.,  and  as  confirmed  by  samples  of  drillings  kindly  fur- 
nished by  him,  is  as  follows,  the  divisions  of  the  rock  being  based  upon 
the  drillings  above  named : 

Drift 5  feet 

Waterlime 200  " 

Niagara  and  Clinton  limestones.. 225  " 

Medina,  green  shale,  "gravel  and  sand" 47  " 

Hudson  River,  or  green  shale 600  '* 

XJtica  or  black  shale 320  " 

Trenton  at 1,297  " 

Well  finished  at 1,828  « 

The  well  showed  the  presence  of  oil  in  small  quantity  as  soon  as 
the  limestone  was  reached.  Gas  also  was  found  in  small  amount,  but 
with  the  oil  and  gas  came  salt-water.  The  well  was  shot,  and  forth- 
with began  to  fill  with  salt-water  and  oil.  For  a  little  time  the  entire 
column  was  credited  to  oil,  but  on  pumping  the  salt-water  soon  asserted 
itself,  and  the  well  was  necessarily  abandoned. 

Several  wells  have  been  drilled  at  Cannonsburg,  a  few  miles  south- 
east of  Bluffton.  The  first  of  the  series  was  put  down  in  May,  1886,  by 
the  Interior  Oil  Company,  on  the  farm  of  John  Marshall.  The  Trenton 
limestone  was  reached  at  a  depth  of  1,300  feet,  or  about  450  feet  below 
tide- water.  Oil  accompanied  by  gas  was  found  in  large  quantity  at  the 
depth  of  a  foot  or  two  in  the  Trentcn,  and  the  column  was  thrown  by 
the  released  gas  many  feet  above  the  derrick.  For  a  day  or  two  the  well 
flowed  through  the  tubing.  The  pump  was  then  introduced,  and  a 
record  of  forty-five  barrels  daily  production  was  made  for  a  number  of 
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weeks,  when  the  well  fell  to  fifteen  barrels  where  it  now  is.  A  pipe 
line  was  laid  to  the  railroad,  but  the  production  was  too  small  to  justify 
its  maintenance  and  it  has  been  taken  up.  Salt-water  has  been  pro- 
duced in  large  quantity  from  the  beginning.  The  well  has  not  been 
«hot.    Two  other  wells  drilled  at  Cannonsburg  were  unproductive. 

Two  miles  west  of  Cannonsburg,  on  the  line  of  the  Narrow-gauge 
Railroad,  three  other  wells  have  been  drilled.  The  Reddick  well  is 
eounted  a  twenty-five-barrel  well,  and  the  Williamson  well  is  also  pro- 
ducing oil,  but  the  Dewese  well  is  reported  to  be  of  no  value. 

Other  wells  have  been  added  to  the  lists  since  the  statements  above 
made  were  prepared,  but  they  have  not  changed  the  situation  so  far  as 
the  promise  of  production  is  concerned.  The  fact  that  a  northeast  line 
from  Findlay  to  Lima  passes  through  this  region,  makes  the  drillers 
loth  to  abandon  this  belt.  But  nothing  has  yet  been  found  to  repay 
this  wide-spread  exploration  of  the  interval. 

Wells  have  also  been  drilled  at  Rawson  and  Mt.  Cory;  and  at  both 
of  these  points  they  have  proved  failures,  neither  gas  nor  oil  being 
found,  but  large  quantities  of  salt-water  instead.  Rawson  struck 
the  Trenton  at  1,337  feet,  or  616  feet  below  tide. 

Arcadia. 

A  well  drilled  at  Arcadia,  on  the  lines  of  the  Lake  Erie  and  Western 
and  the  Nickel-Plate  Railways,  in  June,  1887,  gave  the  following  record, 
as  furnished  by  Mr.  H.  N.  King : 

Drift 66  feet. 

Limestones 290    " 

Shales 831    '• 

Trenton  struck  at 1,176    " 

Well  finished  at 1,366    " 

The  surface  of  the  Trenton  limestone  is  870  feet  below  tide,  a  level 
which  is  consistent  with  the  best  production,  but  the  yield  of  the  well 
was  comparatively  small.  After  being  shot  with  forty  quarts  of  nitro- 
glycerine, it  is  claimed  that  there  is  gas  enough  to  supply  the  town,  but 
no  measurements  are  reported  and  the  well  is  counted  a  light  one.  Gas 
was  first  found  at  four  feet  in  the  Trenfon,  and  the  amount  increased  for 
twenty  feet.  The  company  that  were  putting  down  the  well  stopped 
drilling  at  1,274,  or  100  feet  in  the  Trenton  limestone,  but  the  citizens 
counted  the  test  unsatisfactory  and  continued  the  drilling  to  1,365  feet. 
The  depth  reached  by  the  company  covered  every  case  of  production 
yet  recorded  in  this  horizon  so  far  as  depth  is  concerned,  and  all  of  the 
gas  obtained  came  from  the  first  twenty  feet  of  the  Trenton  limestone. 
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The  composition  of  the  rock  fully  accounts  for  its  small  production. 
It  is  as  follows :— {Clarke), 

Carbonate  of  lime 84.28 

Carbonate  of  magnesia.. 6.44 

Insoluble  matter.. 8.66 

Total 9SM 

It  is  seen  that  in  passing  from  Findlay,  ten  miles  to  the  southwest, 
the  character  of  the  limestone  has  been  entirely  changed.  The  Arcadia 
rock  is  not  in  any  sense  the  Findlay  gas-rock.  It  is  becoming  apparent, 
however,  that  the  changes  of  composition,  such  as  are  described,  also  occur 
in  the  very  heart  of  the  productive  territory.  City  Well  No.  3,  Findlay, 
on  the  east  side  of  the  town,  shows  a  character  of  rock  of  the  same 
character  as  the  Arcadia  Trenton.  Its  production,  which  is  very  small, 
matches  also  to  the  composition. 

MU  Blanchard  amd  Arlington. 

On  the  Narrow-gauge  Road,  between  Blufiton  and  Carey,  three  or 
more  wells  have  been  drilled  to  the  Trenton;  one  at  Arlington  and  sev- 
eral at  Mt.  Blanchard.  Mt.  BlanchiEurd  began  to  drill  late  in  1885,  and 
reached  the  Trenton  in  January,  1886.  A  moderate  flow  of  gas  and  a 
little  oil  were  found  in  the  rock  at  this  place.  An  estimate  of  50,000 
cubic  feet  of  gas  per  day  was  made  by  the  driller,  but  the  well  does  not 
hold  out  to  these  figures.  A  second  well  drilled  subsequently  was  not 
as  good  as  the  first,  but  was  practically  of  no  value.  Other  wells  have 
since  been  drilled  here  without  materially  changing  the  situation  re- 
ported above.  The  last  well  is  counted  the  best  in  the  field.  The  gas 
has  been  utilized  in  a  small  way  from  the  first.  The  gas  production 
here  is  thus  seen  to  be  similar  in  value  to  that  of  Carey. 

Arlington,  lying  ten  miles  due  south  of  Findlay,  began  to  drill 
early,  but  was  a  long  while  in  reaching  the  gas-rock.  The  rock,  when 
reached,  was  not  found  productive.  A  condensed  record  is  given  below : 
The  approximate  elevation  of  the  well  was  860  feet.  The  upper  lime- 
stones continued  to  387  feet,  where  the  casing  was  set.  The  red  rock,  or 
Medina  shale  was  thirty  feet  thick.  Trenton  was  struck  at  1,292  feet,  or 
432  feet  below  tide.  At  1,304  feet  a  little  oil  and  gas  were  found,  but 
not  enough  to  be  of  value. 

McCoTnb. 

The  village  of  McComb  sunk  a  well  to  the  Trenton  in  1885,. but 
found  nothing  but  salt-water  in  the  rock.  The  well  was  drilled  by  W. 
M,  Martin.    The  record  of  the  well  is  appended : 
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Eleyation  of  well-head^ 780  feet 

Drift 62  " 

Upper  limestone^ 567  "  . 

Casing  set  at. 630  " 

Red  rock  struck  at. 660  " 

Trenton  at 1,412  " 

Well  finished  at. 1,466  " 

In  salt-water. 

A  well  recoDtly  drilled  has  proved  somewhat  more  successful,  yield- 
ing  at  the  present  time  a  moderate  volume  of  gas. 

A  well  drilled  at  Dewey ville  also  proveji  a  failure.  The  oil-rock 
was  found  at  too  low  a  level,  as  in  McComb.  The  Trenton  limestone 
here  is  about  630  feet  below  tide. 

VarUue. 

A  well,  drilled  in  the  fall  of  1886,  in  the  village  of  Vanlue,  furnished 
a  small  but  valued  supply  of  gas  for  the  town.  The  well  was  cased  at 
214.  The  shale  series  was  1,050  feet  thick,  and  the  Trenton  was  struck 
at  1,294  feet,  or  471  feet  below  tide.  Drilling  was  continued  in  it,  in  the 
hope  of  obtaining  a  larger  volume  of  gas  until  salt-water  was  touched. 
The  amount  of  daily  production  is  estimated  at  less  than  60,000  feeet,  by 
some  who  observed  its  initial  flow.    By  others,  it  is  rated  larger. 

The  character  of  the  Trenton  limestone  is  undoubtedly  at  faultj'^so 
far  as  the  possibilities  of  large  production  are  concerned. 

Ada^  LafayetUj  Westminster  and  West  Newton. 

The  first  two  of  these  towns  are  on  the  Pittsburgh,  Fort  Wayne  and 
Chicago  Railway,  the  last  on  the  Chicago  and  Atlantic  Railway.  A 
deep  well  was  drilled  at  Ada  early  in  1886.    The  record  was  as  follows : 

Elevation  of  well-head.. 966  feet 

Trenton  reached  at 1,488    " 

Or  478  feet  below  tide. 

Neither  gas  nor  oil  were  found  in  any  promising  quantity,  nor  did 
the  torpedo  improve  the  situation.  The  well  was  drilled  to  1,820  feet, 
which  was  387  feet  into  the  Trenton  formation,  before  being  abandoned. 
A  strong  flow  of  salt-water  came  in  at  the  last. 

An  unproductive  well  was  also  drilled  at  Lafayette  in  the  summer 
of  1886.  This,  and  the  location  next  to  be  named,  are  really  on  the 
border  of  the  Lima  field,  and  are  of  interest  and  importance  in  this  con- 
nection, indicating,  as  they  serve  to  do  to  some  extent,  the  eastern  boun- 
dary of  productive  territory. 
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The  Westminster  well  was  drilled  at  about  the  same  time  as  the  one 
last  named.  The  elevation  of  the  surface  was  approximately  1,000  feet. 
The  Trenton  was  found  at  1,368  feet,  or  368  feet  below  tide.  It  was 
drilled  to  1,400  feet.  No  value  whatever  was  found  in  it.  A  change  iu 
the  character  of  the  Trenton  limestone  appears  to  set  in  promptly  as  it 
is  followed  southward  from  the  field  of  present  production. 

A  well,  drilled  at  West  Newton  in  the  summer  of  1887,  was  thought 
to  have,  from  its  location,  a  better  chance  as  a  source  of  dry  gas  than  its 
neighbors  had  found.  The  Niagara  limestone  was  represented  in  Win- 
chell's  map  of  Allen  county,  as  occupying  this  territory,  but  the  reference 
proved  incorrect.  Such  an  error  in  this  drift-covered  region  is  not  to  be 
wondered  at.  The  only  ground  for  surprise  is  that  Professor  Winchell 
was  able  to  indicate  the  underlying  rocks  as  correctly  as  he  did.  Most 
of  his  references  are  fully  sustained  by  recent  developments^ 

The  West  Newton  well  was  drilled  by  the  Trenton  Rock  Oil  Com- 
pany. The  casing  stands  at  450  feet,  which  is  the  same  thing  as  saying 
that  it  was  begun  in  the  Waterlime.  The  Trenton  was  struck  at  1,440 
or  394  feet  below  tide.  The  elevation  was  not  at  all  what  was  looked 
for,  but  no  elevation  would. have  given  productive  power  to  the  hard  and 
close  Trenton  limestone  that  was  found  here.  There  was  no  "oil-sand" 
or  dolomite  whatever. 

This  location  was  one  that  was  suggested  to  the  operators  from  the 
discovery  made  by  the  Geological  Survey  that  all  the  gas-wells  belong 
to  outcrops  of  the  Niagara  limestone  and  all  the  oil-wells  to  the  Water- 
lime. 

KerUon. 

Kenton,  the  thriving  county  seat  of  Hardin  county,  has  made  two 
tests  of  the  Trenton  limestone  within  its  limits  and  in  tributary  terri- 
tory,  in  the  hope  of  obtaining  like  success  with  its  fortunate  neighbors. 
Both  of  these  tests  have  shown  the  limestone  barren  of  oil  and  gas  in 
profitable  quantity  at  the  points  where  it  was  struck.  The  first  well 
was  drilled  by  the  Paper  Mill  Company  at  their  works,  where  a 
supply  of  gas  or  oil  to  be  used  in  power  would  have  been  of  very  great 
service.  The  drilling  was  done  in  the  spring  of  1886.  The  elevation  of 
the  casing  is  about  990  feet.    The  record  is  as  follows : 

Drift 24  feet 

Upper  limestoneB  approximately 376  " 

Oaaing  at  about 400  " 

Gray  and  red  shale,  Medina 60  " 

Blue  shale  and  black  shale.. 1,076  " 

Trenton  limestone  found  at. 1,660  " 

(660  feet  below  tide.) 

Well  finished  at 1,600  " 
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The  rock  was  entirely  dry. 

The  next  well  drilled  in  the  interest  of  Kenton  was  located  several 
miles  to  the  westward,  at  the  extremity  of  the  Scioto  Marsh,  where 
'* surface  indications''  of  gas  were  thought  to  give  promise  of  a  more 
favorable  result  than  that  obtained  in  well  No.  1.  It  was  brought  in 
early  in  October,  1886.  A  little  oil  was  found  in  the  Trenton,  as  is  so 
generally  the  case.  The  well  was  torpedoed  without  eflfect,  and  was 
presently  abandoned  as  entirely  valueless.  For  the  facts  pertaining  to 
these  wells,  the  Survey  is  indebted  to  Dr.  J.  A.  Rogers,  of  Kenton. 

The  later  experience  of  Kenton  remains  to  be  described.  The  town 
was  situated  too  near  Findlay  and  Lima  to  rest  easy  and  unconcerned 
while  such  remarkable  developments  were  going  forward  in  them.  Ac- 
cordingly one  well  after  another  was  located  and  drilled  in  the  surround- 
ing territory  under  the  control  of  the  business  interests  of  Kenton.  Sa- 
gacious management  has  divided  the  burdens  of  the  work  with  the 
several  neighborhoods  in  which  the  drilling  has  been  done.  A  dozen  or 
more  wells  have  now  been  put  down  under  this  system. 

From  the  results  of  the  first  experience,  it  is  seen  that  in  the  im- 
mediate vicinity  of  the  town,  the  Trenton  limestone  lies  below  its  dead 
line  for  this  region.  After  several  additional  wells  had  confirmed  this 
conclusion,  it  was  suggested  to  the  representatives  of  the  Kenton  inter- 
est that  if  they  insisted  on  drilling  more  wells  they  should  consult 
geological  probabilities  by  locating  their  next  wells  on  a  spur  of  Niagara 
limestone  that  Winchell's  map  represents  as  traversing  the  northeastern 
corner  of  the  county.  The  locality  was  visited,  the  reference  to  the 
Niagara  limestone  abundantly  confirmed,  and  a  well  was  put  down  which 
justified,  in  all  particulars,  except  the  all-important  one  of  production, 
the  geological  forecast. 

The  well  was  located  on  the  McVitty  farm,  Jackson  township,  two 
miles  south  of  the  village  of  Patterson. 

The  surface  deposits  occupied 4  feet 

Niagara  limestone 131    " 

shale 86    « 

Clinton  limestone 30    " 

White  slate,  redslate,  Medina 38    " 

Well  cased  at 252  *« 

Hudson  River  shales 667    " 

Utica  shale 427    " 

Trenton  struck  at 1227    " 

Well  finished  at 1830    " 

In  the  last  preceding  well,  viz.,  on  the  Merriman  farm,  371  feet  of 
casing  were  called  for,  while  here  252  feet  suflBiced,  showing  the  new 
location  to  have  119  feet  the  advantage  in  this  respect.     An  equal,  or 
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even  greater]advaiitage,  was  found  for  the  Trenton  limestone  which  had 
risen  from'550  feet  below  tide  to  about  275  feet  below  tide. 

Gas  came  in  from  the  Clinton  horizon  with  strong  flow,  but  a  great 
volume  of  water  was  found  above  it,  from  which  it  cannot  well  be  freed. 
At  835  feet  also,  quite  a  volume  of  gas  was  obtained.  The  highest  ex- 
pectations were  accordingly  awakened  as  to  the  Trenton  limestone  when 
it  should  be  reached.  These  expectations  were  doomed  to  disappoint- 
ment. The  Trenton  limestone  proved  hard  and  obdurate  to  an  extreme 
degree,  and  showed  no  approach  whatever  to  the  character  of  an  oil-rock. 
It  was  shot  with  sixty-five  quarts,  but  without  result. 

This  well,  though  a  failure,  seemed  to  point  the  way  to  possible 
success.  The  next  well  was  located  two  miles  west  on  the  McElree  farm. 
It  was  recognized  that  the  Waterlime  made  the  surface  rock,  but  the 
Niagara  limestone  was  not  far  away  to  the  eastward. 

The  casing  stands  at  456^  feet,  but  could  have  been  set  100  feet 
higher.  The  Trenton  limeb.  ^Vas  struck  at  1,300  feet,  or  at  about 
376  feet  below  tide. 

In  descending  through  the  upper  limestones  an  enormous  flow  of 
water  was  released,  which  required  a  great  deal  of  skill  and  outlay  to 
control.  It  is  one  of  the  largest  streams  that  has  been  struck  in  the 
state.  The  unwatering  of  the  rock,  which  is  going  forward  in  this  way, 
is  a  matter  of  grave  importance  and  will  lead  to  a  serious  interruption 
of  the  water  supply  of  entire  neighborhoods  if  allowed  to  go  on  with- 
out limit. 

Neither  the  Clinton  nor  the  shales  furnished  gas  in  notable  quantity, 
but  the  Trenton  rewarded  the  search  with  a  flow  that  has  been  estimated 
by  good  observers  at  200,000  feet  per  day.  This  is  quite  as  much  as 
could  be  expected  from  rock  of  the  character  that  was  found  here. 
It  is  the  Trenton  limestone,  but  not  the  Findlay  gas-rock.  Its  com- 
position is  shown  in  the  following  analysis  (Clarke) : 

Carbonate  of  lime 84.32 

Carbonate  of  magnesia.. , 8.43 

Insoluble  matter.. 6.26 

Oxide  of  iron  and  alomina 1.10 

Total 89.11 

Kenton  has  escaped  from  one  limitation,  viz.,  the  600-foot  dead  line, 
to  find  another  even  more  inexorable,  in  her  way,  viz.,  the  limitation 
that  arises  from  lack  of  the  proper  chemical  composition  of  the  Trenton 
limestone.    This  fact  has  only  recently  been  determined. 

A  well  lately  drilled  between  the  two  last  named  is  reported  as 
wholly  unproductive. 
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Dunkirk. 

Two  wells  have  been  recently  drilled  here,  which  take  their  places 
in  the  long  column  of  failures  already  reported. 

The  Trenton  was  found  in  the  first  at  1,377  feet,  or  437  feet  below 
tide.  A  little  gas  was  obtained  at  1,390  feet.  Drilling  was  continued  to 
1,865  feet,  or  488  feet  into  the  Trenton  series,  where  a  flood  of  salt-water 
was  struck,  which  filled  up  1,420  feet  of  the  well.  The  Trenton  was 
shot  with  120  quarts,  and  the  flow  of  gas  wa«  temporarily  increased. 

Forest. 

The  well  drilled  at  Forest  had  some  warrant  from  the  geological 
map  for  expecting  a  higher  level  of  the  Trenton  limestone  than  had 
been  found  in  many  adjoining  wells.  On  this  ground,  however,  a  loca^ 
tion  one  mile  to  the  westward  would  have  appeared  somewhat  more 
promising.  The  record,  as  furnished  by  W.  B.  Bowman,  Esq.,  is  as 
follows : 

Drift 69  feet. 

WaterUme 78    " 

Trenton  limestone  atmck  at  1,870  feet— 43d  feet  below  tide. 

Well  flnishedat 1.470    « 

The  rock  was  entirely  unproductive. 


THE  WOOD  CX)UNTY  GAS  AND  OIL  FIELDS. 

The  large  and  important  series  of  gas  and  oil-wells  that  lie  between 
Pindlay  and  Bowling  Green  within  the  limits  of  Wood  county,  are  next 
to  be  described.  Before  taking  up  these  fields,  however,  the  records  of 
a  few  wells  that  lie  outside  of  both  gas  and  oil,  as  proved  by  exploration, 
but  which  are  included  within  the  county  limits  above  named,  will 
be  given. 

Weston. 

Weston,  lying  about  seven  miles  west  of  Bowling  Green,  was  loth  to 
believe  that  the  rich  stores  of  power  that  her  neighbors  had  obtained 
were  locked  against  her.  Failing  in  one  experimental  well,  she  essayed 
to  drill  another,  the  results  of  which,  however,  were  no  more  encouraging. 
The  drilling  was  begun  by  the  Weston  Natural  Gas  Company,  in  January, 
1886.  An  unexpected  and  surprising  descent  of  the  entire  series  to  the 
westward  was  first  made  known  to  the  drillers  by  the  excessive  thickness 
of  the  upper  limestones,  which  it  cost  much  trouble  to  penetrate.    The 
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well  was  brought  in  during  March,  1886.    The  record,  as  furnished  by 
E.  H.  Bagaley,  Esq.,  Secretary  of  the  Company,  was  as  follows : 

Drift... 70  feet 

Upper  limestone 642  " 

Shales.. 888  " 

Trenton  at 1,550  ** 

The  casing  was  set  at.. 712  " 

^  Bitter  water  was  struck  in  quantity  at 788  *' 

Gas  was  found  at 1,571  " 

Salt-water  and  oil  came  in  together  at 1...% 1,575  '* 

Strong  veins  of  sulphur-water  were  found  in  the  upper  limestone 
from  300  to  400  feet  in  depth.  Weston  is  666  feet  above  tide,  and  the 
surface  of  the  Trenton  is  884  feet  below.  The  well  was  shot,  and  forth- 
with filled  with  water,  covered  by  100  feet  or  more  of  oil.  The  oil  had 
a  gravity  of  34^  B.,  but  as  it  had  been  exposed  for  some  time  before  being 
tested,  the  record  is  of  no  great  value  in  this  particular.  It  is  probably 
at  its  best,  an  oil  of  lower  gravity  than  Findlay  or  Lima  oil.  The  entire 
quantity  brought  out  by  the  bailer  was  fifteen  or  twenty  barrels.  The 
second  well  repeated  the  record  already  given  in  its  essential  features. 
It. was  as  follows: 

Drift.. 70  feet 

Upper  limestone ! 620    " 

Casing  set  at 696    ** 

Red  rock,  nearly 100    " 

The  flow  of  water  struck  in  the  upper  limestones  was  even  more 
vigorous  from  the  second  well  than  from  the  first.  In  the  latter  case« 
the  water  was  quite  highly  sulphuretted.  It  flowed  from  the  casing  in 
a  strong  stream,  and  held  its  way  in  the  open  ditches  in  quantity  large 
enough  to  furnish  an  important  supply  of  stock-water  for  several  miles. 

Hashins, 

A  well  drilled  at  this  point,  Sept.  1887,  found  the  Trenton  limestone 
much  higher  than  at  .Weston.  The  strata  seemed  to  be  afiected  by  the 
uplift  that  has  been  described  in  preceding  pages  under  the  name  of  the 
Findlay  break,  and  which  has  been  found  so  influential  in  the  produc- 
tion of  oil  and  gas  in  Hancock  and  Wood  counties. 

The  well  has  not  yet  been  completed,  drilling  having  been  arrest* 
ed  before  the  Trenton  limestone  was  penetrated  many  feet,  and  very  dif- 
ferent estimates  can  be  had  as  to  its  capacity.  It  serves  to  indicate  an 
oil- field  west  of  Bowling  Oreen. 
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Two  or  three  wells  drilled  in  Lucas  county  will  also  be  described  in 
this  connection. 

WaterviUe. 

This  place  seems  to  be,  without  doubt,  on  the  line  of  disturbance 
and  uplift  that  extends  northward  from  Findlay  to  the  Michigan  line. 
A  well  drilled  here  in  the  summer  of  1887  has  aroused  considerable  in- 
terest, from  the  promise  it  seems  to  hold  out  of  valuable  supplies  of  gas 
in  the  neighborhood. 

Well  No.  i,  located  on  the  Ballou  farm,  one-half  mile  east  of  the 
town,  has  the  following  record : 

The  casing  stands  at  273  feet,  and  the  Trenton  limestone  was  struck 
at  1,125  feet.  At  1,132  feet  the  first  gas  was  struck.  The  flow  increased 
to  1,153  feet.  The  well  was  shot  and  the  flow  greatly  improved.  No 
measurement  has  been  made  of  the  well,  and  the  estimates  of  the  vol- 
ume of  gas  are  wide  apart.  The  well  cannot  be  a  large  one.  Still,  it 
was  a  marked  improvement  in  every  way  on  the  wells  that  had  been 
previously  drilled  in  the  vicinity,  and  the  high  level  of  the  gas-rock 
seemed  a  point  of  great  importance. 

In  the  well  that  is  known  as  the  Turkeyfoot  well,  three  miles  above 
South  Toledo,  the  Trenton  had  also  been  found  at  a  higher  level  than  on 
either  side  previously,  but  it  was  lower  by  113  feet  than  the  Waterville 
well.    The  Turkeyfoot  well  was  unproductive. 

A  second  well  drilled  near  Waterville  tends  to  dampen  these  expec- 
tations of  a  new  gas-field  at  this  point,  as  it  is  reported  unproductive. 

Perryaburgh. 

Several  wells  have  been  drilled  within  the  last  year  at  and  near 
Perrysburg  and  in  the  interest  of  this  town. 

The  first  of  them  was  cased  at  402  feet  in  the  Niagara  shale,  under- 
neath which  ninety  feet  of  Clinton  limestone  were  found.  The  Trenton 
was  struck  at  1,305  feet,  or  at  about  700  feet  below  tide,  and  was  unproduc- 
tive. No  improvement  was  eflFected  by  continuing  it  to  1,600  feet.  A 
little  shale-gas  was  found  at  800  feet. 

Sylvania, 

At  Sylvania,  on  the  Michigan  border,  a  section  of  unusual  geological 
interest  is  found.  Reference  has  been  made  to  it  in  a  preceding  chapter, 
(pages  18,  19,  etc.)  A  notable  flexure  of  the  surface  strata  is  found  here 
All  of  the  facts  at  hand  seem  to  point  to  this  feature  as  an  extension  of 
the  Findlay  break.  The  Survey  has  called  repeated  attention  to  this 
broken  structure,  and  has  urged  the  desirability  of  testing  this  neighbor- 

15        G. 
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hood,  80  long  as  indiscriminate  and  random  drilling  is  going  forward  on 
all  sides.  It  has  been  urged  that  such  structure  could  hardly  be  without 
effect  in  the  concentration  of  oil  and  gas.  Drilling  has  recently  been 
undertaken  here,  and  not  by  one  company,  as  would  have  been  prudent, 
but  three  or  more  wells  are  being  sunk  at  the  same  time.  The  wells 
are  not  yet  complete,  but  the  records  as  furnished  by  the  drillers  are 
not  only  unexpected  but  unintelligible.  One  thing,  however,  is  clear, 
viz.,  the  promise  held  out  by  the  Survey  is  not  to  be  verified.  Before 
this  volume  is  completed  it  will  be  possible  to  present  a  summary  of  the 
facts  that  are  now  being  gathered. 


The  two  central  southern  townships  of  Wood  county.  Bloom  and 
Henry,  have  been  proved  to  be  as  valuable  sources  of  gas  and  oil,  re- 
spectively, as  any  other  equal  areas  of  the  new  field.  Bloom  township 
produces  gas  almost  exclusively,  and  nearly  all  the  wells  of  Henry 
township  produce  oil,  but  with  the  oil  large  quantities  of  gas  are  found, 
sufficient  to  make  the  wells  flow  in  most  instances.  The  oil  production 
of  Henry  township  is  much  more  important  than  that  of  any  other 
township  in  the  entire  field.  It  is  here  that  the  greatest  wells  yet 
found  in  the  Trenton  limestone  are  located.  In  fact,  the  latter  belong 
in  a  list  to  which  but  very  few  oil  fountains  of  any  fields  are  admitted. 
The  oil  of  the  North  Baltimore  field  ranks  higher  also  in  intrinsic 
value  than  that  of  any  other  part  of  the  new  production.  Taken  all  in 
all  these  two  townships  constitute  the  most  remarkable  and  most  valu- 
able section  of  the  new  horizon. 

Bloom  Township  Gas-Pibld. 

The  district  included  within  these  limits  is,  beyond  question,  one 
of  the  most  important  divisions  of  the  new  field.  In  fact,  it  gives 
promise  of  becoming  a  more  valuable  source  of  gas  than  even  Find- 
lay  itself,  not  only  on  account  of  its  large  acreage  and  its  extremely 
productive  wells,  but  also  from  the  fact  that  it  is  already  covered  by  the 
drilling  companies  in  tracts  of  such  area  that  its  resources  are  not  likely 
to  be  frittered  away  by  drilling  in  advance  of  all  possible  use.  Of  this 
new  field  there  are  various  centers.  They  are  not  united  by  any  common 
bond  of  ownership  and  interest,  and  might  well  enough  be  counted 
entirely  separate  and  distinct  from  each  other.  A  common  name  is, 
however,  desirable  for  this  district,  and  none,  on  the  whole,  is  more 
suitable  than  the  name  of  the  township  which  is  the  chief  center  of 
production  thus  far.  The  wells  to  be  described  under  this  division  are 
located  at  the  following  villages  and  in  the  country  adjacent  to  them : 
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Bloomdale,  Bairdstown,  North  Baltimore,  Jerry  City,  Welker,  Cygnet 
and  Trombley. 

The  field  extends  along  the  line  of  the  Baltimore  and  Ohio  Railway  in 
an  east  and  west  direction  in  a  belt  of  eleven  miles,  from  North  Balti- 
more on  the  west  to  Godsend  Water-tanks  on  the  east.  Its  northern 
and  southern  boundaries  have  not  yet  been  defined.  So  far  as  the  sur- 
face of  this  district  is  concerned,  it  is  a  slightly  diversified  plain  about 
750  feet  above  tide-water.  North  Baltimore  is  739  feet;  Welker  is  786 
feet;  Bairdstown  is  760  feet;  Bloomdale,  765  feet;  and  the  Water-tanks,  760 
feet  above  tide.  Geologically,  it  has  been  found  to  be  a  high-lying  terrace 
of  Trenton  limestone.  At  the  extremities  of  the  section  named,  the 
Trenton  lies  400  feet  below  tide,  falling  quite  rapidly  in  both  directions 
but  most  abruptly  to  the  westward.  These  elevations  are  seen  in  the 
following  figures :  In  well  No.  1,  North  Baltimore,  the  Trenton  is  461  feet 
below  tide,  which  excludes  this  section  from  the  gas-field ;  in  the  Peters 
well.  North  Baltimore,  the  limestone  is  380  feet  below  tide ;  in  the  Bairds- 
town well,  315  feet;  in  the  Simons  well,  301  feet;  in  the  Bloomdale 
well,  360  feet;  and  in  the  Godsend  well,  No.  1,  391  feet.  Although  the 
surface  of  the  ground  is  flat,  the  underlying  Trenton  is  seen  to  bend  in 
a  low  arch,  culminating  in  the  Simons  well.  Within  these  high  levels 
there  are  occasional  hollows,  or  abrupt  depressions,  as  appears  from  tiie 
facts  in  the  Rocky  Ford  well,  where  the  Trenton  was  found  113  fe^t 
lower  than  in  the  Simons  well,  although  only  a  mile  distant  from  it.  A 
trough  or  sag  of  the  strata  extends  accross  the  field,  in  a  north-easterly 
direction.  It  was  first  disclosed  by  WinchelPs  geological  map  of  1871-2, 
in  which  the  Waterlime  was  shown  to  be  the  surface  rock  throughout 
the  valley  of  the  main  branches  of  the  Portage  river.  This  sag  sepa- 
rates the  Bowling  Green  island  of  Niagara  limestone  (gas  territory)  from 
the  great  area  of  this  formation  that  makes  the  Hancock  and  Wood 
counties  gas-field. 

The  structure  of  Bloom  township  gas-field  is  represented  in  the  ac- 
companying diagram  (section  from  Deshler  to  Tiffin.) 

North  Baltimore. 

Well  No.  1,  at  North  Baltimore,  was  drilled  in  the  summer  of  1886. 
An  excellent  and  discriminating  record  was  kept  of  the  work  by  Mr.  J. 
W.  Elliott,  one  of  the  contractors,  and  was  by  him  placed  at  the  service 
of  the  Survey.  No  better  or  clearer  record  has  been  furnished  from 
the  entire  field,  and  if  the  number  of  such  could  be  increased,  the 
progress  of  our  knowledge  would  be  much  more  rapid  and  certain.  The 
record  is  as  follows,  substantially  in  the  driller's  words,  and  it  must  be 
borne  in  mind  that  the  driller  had  no  knowledge  whatever  of  geological 
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terms  or  of  the  divisions  to  be  expected,  but  was  simply  intent  on  getting 
from  the  first  well  drilled  by  himself  in  the  new  field  a  register  that  he 
could  rely  upon  for  future  guidance.  The  section  is  represented  in  the 
plate  that  occupies  page  112  : 

Soil  and  clay 48  feet 

Brown  limestone^ 107    " 

Gray  limestone 140    " 

White  Bhale 18i  " 

Sand 89    « 

Gray  slate^ 47    " 

Red  rock 45    " 

Gray  alate- 416    " 

Blackslate 290    " 

Trenton  at. 1,190J  " 

This  record  scarcely  needs  interpretation.  The  "brown  limestone" 
is  clearly  the  Waterlime.  The  "gray  limestone"  is,  by  the  same  token, 
the  Niagara,  and  the  thirteen  and  one-half  feet  of  "white  shale"  that 
follows  is  that  persistent  element,  the  Niagara  shale.  The  eighty-nine 
feet  of  "sand",  so-called,  is  the  Clinton  limestone,  which,  however,  in 
its  outcrops  is  often  known  by  the  name  of  "sandstone".  The  "gray 
slate"  and  "red  rock"  together  constitute  the  Medina.  The  Hudson 
River  and  Utica  shales  are  well  distinguished  in  the  two  lowermost 
divisions.  The  Trenton  was  found  at  1,190|  feet,  or  451  feet  below  tide. 
Its  behavior  under  the  drill  is  instructive  in  this  connection.  At  seven- 
teen and  one-half  feet  in  the  Trenton,  oil  was  struck.  At  twenty-eight 
and  one-half  feet  gas  was  found.  Then  came  seventy-seven  feet  of  barren 
rock,  beneath  which,  at  1,295^  feet,  salt-water  came  in,  in  quantity.  The 
well  was  plugged  and  filled  forty-four  feet,  and  then  shot  with  sixty 
quarts  of  nitroglycerine.  It  filled  up  rapidly  after  the  torpedo.  A  week 
was  used  in  cleaning,  packing  and  piping,  when  it  flowed  twelve  to 
fifteen  barrels  for  a  day  or  two.  The  flow  was,  however,  soon  arrested 
for  the  greater  part,  at  least  was  reduced  to  two  or  three  barrels  per  day, 
and  it  has  at  length  given  out  altogether.  The  oil  proved  to  be  of  the 
very  best  grade  of  oil  from  the  new  field.  When  fresh,  it  had  a  gravity 
of  41  B. ;  the  oil  from  the  tank  showed  a  gravity  of  89°  B.  The 
facts  here  detailed  have  interested  oil  producers  very  much,  and  territory 
has  been  leased  on  all  sides  on  a  large  scale,  with  reference  to  future 
operations. 

A  second  well,  drilled  on  the  Prank  farm  in  the  valley  of  the  Por- 
tage, one-half  mile  south  of  well  No.  1,  reached  gas,  oil  and  salt-water 
under  conditions  that  do  not  allow  of  their  ready  separation.  Thus  far 
the  well  is  of  no  value.  The  Trenton  lay  at  about  the  same  depth  as  in 
well  No.  1,  viz.,  at  1,177  feet,  or  about  447  feet  below  tide.    These  two 
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wells  are  thus  seen  to  be  in  the  steep  downward  slope  that  has  been 
already  referred  to,  which  lies  west  of  the  gas  belt. 

How  abrupt  the  boundary  is  appears  from  the  register  of  the  next 
well,  viz.,  the  Peters  well,  which  is  situated  about  three-quarters  of  a 
mile  east  of  well  No.  1.  The  elevation  of  the  well-head  is  730  feet  above 
tide.  The  Trenton  was  struck  at  1,104^  feet,  or  880  feet  below  tide. 
The  record  is  as  follows : 

Drift 1%  feet 

Waterlime  and  Niagara.. 216  ** 

Niagara  shale- ^ 16  " 

Clin  ton  limestone,  bearing  a  good  vein  of  gas. 

Cased  at 2d7  •* 

Medina  shale,  or  red  rock 60  " 

Hudson  River  and  Utica  shales 768  " 

The  well  proved  to  be  a  gas  well  of  fair  volume.  The  supply  was 
obtained  in  the  uppermost  ten  feet  of  the  Trenton.  Drilling  was  con- 
tinu3d  to  1,127  feet.  No  opportunity  to  obtain  a  satisfactory  measure  of 
the  gas  has  yet  been  found;  but  a  test  applied  on  November  22,  showed 
the  outflow  to  be  2,300,000  cubic  feet  per  day,  while  a  considerable 
volume  was  escaping  elsewhere  at  the  same  time.  The  well  is  producing 
nearly  if  not  quite  3,000,000  cubic  feet  per  day.  It  is  to  be  utilized  at 
once  for  domestic  supply  in  North  Baltimore. 

BairdsUnon, 

The  Hancock  Oil  and  Oas  Company  put  down  a  well  at  this  point 
in  the  summer  of  1886,  reaching  the  Trenton  on  July  23d,  at  a  depth  of 
1,065  feet,  or  315  feet  below  tide- water.    The  record  is  appended : 

Upper  limestones  about 260  feet 

Well  cased  at «  276i  " 

(Could  have  been  safely  cased  80  feet  earlier.) 

Gas  in  quantity  at 800    " 

Red  rock,  20  ft  thick,  begins  at 825    " 

But  a  small  volume  of  gas  was  reached  in  the  cap  of  the  Trenton. 
The  rock  proved  hard,  white,  and  glassy.  At  1,099  feet,  or  thirty-four 
feet  in  the  Trenton,  the  rock  grew  coarser  and  somewhat  shaly.  At 
1,105  feet  it  became  hard  and  close  again.  At  1,118  feet  it  grew  more 
open,  and  at  1,123  feet,  or  fifty-eight  feet  in  the  Trenton,  a  vigorous  flow 
of  gas  was  released.  The  well  has  not  been  measured,  but  it  is  safe  to 
estimate  the  daily  production  at  several  million  cubic  feet.  Up  to  the 
present  time,  no  use  has  been  made  of  the  gas,  but  the  well  has  been 
sealed  in  for  the  last  few  weeks,  and  will  presently  be  utilized  in  supply- 
ing heat  and  light  to  the  town.    The  most  noticeable  feature  on  the 
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geological  side  is  the  depth  at  which  the  main  gas  vein  was  struck,  viz., 
fifty-four  feet  in  the  Trenton.  Other  facts  of  the  same  character  are 
also  found  in  Findlay  wells. 

Since  the  preceding  statemenis  were  made  the  well  has  been  utilized. 

The  Simons    WeU. 

At  the  date  of  its  completion,  the  Simons  well  produced  a  larger 
volume  of  gas  than  had  yet  been  measured  from  any  well  of  the  state,  the 
famous  Karg  well  not  excepted.  The  gas  was  measured,  however, 
through  the  casing  which  is  5|  inches  in  diameter,  while  the  Karg  well 
was  not  measured  until  it  had  been  tubed  with  4-inch  pipe.  The 
Simons  well,  if  confined  to  a  4-inch  pipe,  will  be  found  to  yield  a  little 
less  gas  than  the  Karg.  It  is  thought  to  maintain  its  vigor  undi- 
minished, but  no  test  has  been  applied  since  the  original  measurement. 
It  is  situated  one  and  a  half  miles  north  and  a  little  west  of  Bairdstown. 
It  is  nearer  to  this  than  any  other  railroad  station.  It  is  located  on  a 
farm  standing  in  the  name  of  A.  Simons,  in  the  northwest  corner  of 
Section  29,  Bloom  township.  The  farm  is  a  lonely  one,  and  is  not  only 
not  located  on  any  public  road,  but  is  not  in  sight  of  any  road,  and  the 
nearest  houses  are  nearly  a  mile  distant  from  it.  In  much  of  the  land 
of  the  farm,  the  underlying  rock  is  so  near  the  surface  that  it  is  laid 
bare  whenever  a  forest  tree  is  uprooted.  Thirty  or  forty  acres  were  here 
cut  out  of  the  original  black  swamp  in  a  little  block,  and  a  small  farm 
was  set  in  order,  upon  which  the  cheapest  possible  equipment  of  neces- 
sary buildings  was  placed,  a  house  on  which  8100  or  S200  might  have 
been  expended,  and  a  log  barn  that  would  not  cost  half  as  much  in 
money  outlay.  Fields  were  fenced  and  an  orchard  was  set.  A  narrow 
living  was  secured  for  a  household  by  unremitting  toil,  and  by  the  re- 
duction of  all  demands  to  the  bare  necessities  of  life.  A  well  sunk  a 
few  feet  into  the  limestone  rock  furnished  an  abundant  supply  of  water, 
rank  with  sulphuretted  hydrogen,  for  farm  and  stock.  Gas,  bubbling  up 
through  the  pools  left  by  overturned  trees,  tainted  the  air  and  it  was 
long  ago  found  that  a  hollow  corn-stalk  or  reed,  thrust  into  the  black 
mud  at  the  bottom  of  these  pools,  would  bring  up  gas  enough  to  main- 
tain a  flame  for  some  time.  The  owner  seems  to  have  had  a  presenti- 
ment that  his  little  farm  contained  something  out  of  the  usual  order,  as 
he  sought  such  advice  in  matters  geological  as  his  grade  of  intelligence 
led  him  to  trust,  viz.,  the  location  of  mineral  wealth  as  indicated  by 
the  witch-hazel  branch  and  also  by  clairvoyant  revelations.  From  one 
or  both  of  these  sources  of  information,  he  learned  that  his  farm  con- 
tained valuable  deposits  of  silver  ore,  and  also  two  veins  of  oil.  Gas 
was  not  known  at  that  time  either  to  the  geologist  or  the  divining 
rod  expert,  and  this  accounts  for  its  omission  from  these  witch-hazel 
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treasures.  Enriched  by  the  consciousness  of  these  unusual  sources  of 
wealth,  and  doubtless  happier  than  if  he  had  sought  to  develop  them, 
he  pursued  the  even  tenor  of  his  way,  and  died,  leaving  the  little  farm 
to  his  natural  heirs.  Findlay  gas  and  oil  were  discovered  in  due  time, 
and  Northwestern  Ohio  was  covered  with  leases  for  drilling  privileges. 
The  country  around  Bairdstown  was  taken  up  in  considerable  amount 
by  the  Hancock  Oil  and  Gas  Company.  The  Simons  farm  was  included, 
with  many  others,  in  leased  property ;  and  when  it  became  necessary  to 
drill  a  well  to  hold  these  leases,  it  was  found  that  this  particular  tract 
would  cover  as  much  territory  as  one  drilled  at  any  other  point.  There 
was,  moreover,  a  well  available  that  would  furnish  water  for  the  boiler, 
and  last,  but  not  least,  the  surface  indications  of  gas  that  have  already 
been  described  were  not  without  influence.  The  well  was  drilled  by 
the  lessees,  with  W.  M.  Martin  in  charge  of  the  work.  Drilling  was 
begun  in  July,  1886,  and  on  the  29th  the  Trenton  was  struck  at  a  depth 
of  1,041  feet,  or  301  feet  below  tide-water,  thus  making  the  well  the 
shallowest  of  all  that  had  been  drilled  up  to  that  date  in  the  new  oil 
field.  The  upper  limestone  was  2&6  feet  in  thickness.  The  casing  was 
set  at  that  depth.  The  Medina,  or  red  rock,  came  in  at  800  feet,  and 
had  a  thickness  of  fifty  feet.  A  considerable  flow  of  gas  was  found  in 
descending,  and  notably  at  700  feet  in  the  Hudson  River  shales.  The 
Trenton  yielded  gas  the  moment  it  was  struck,  but  at  nine  feet  in  the 
rock  a  powerful  flow  was  set  free.  The  gas  increased  with  every  bit. 
The  Trenton  as  seen  from  the  fragments  thrown  out  from  the  casing 
was  highly  crystalline  and  porous,  more  so  than  in  any  other  well  ob- 
served, except  the  Karg.  Measured  on  the  31st,  the  flow  of  gas  was 
4,000,000  cubic  feet  per  day.  This  made  it  second  in  the  list  of  northern 
Ohio  wells.  On  Tuesday,  August  3,  the  well  was  drilled  eight  feet 
deeper,  and  the  flow  was  trebled  in  volume.  The  tools  refused  to  de- 
scend deeper,  dancing  in  the  well  like  rubber  balls.  On  Saturday, 
August  7,  the  flow  was  again  measured.  The  column  of  gas  showed  four 
pounds  open  pressure  in  the  casing,  and  this  pressure  indicates  a  produc- 
tion of  12,421,968  cubic  feet  per  day.  This  is  the  largest  volume  of  gas 
that  had  been  thus  far  measured  from  any  Ohio  well,  but  as  has  been 
already  stated,  if  the  Karg  well  had  been  measured  through  the  casing, 
it  would  have  exceeded  this  amount  by  one  or  two  million  feet.  The 
sight  of  the  immense  column  of  flame  rising  from  the  burning  well 
above  the  tree-tops  of  the  primeval  forests  and  illuminating  the  sky  for 
miles  on  all  sides,  and  the  npise  of  the  escaping  gas,  like  the  roar  of  a 
cyclone  or  a  great  cataract,  conspired  to  impress  upon  the  minds  of  the 
beholders  more  forcibly  than  anything  else  could  do  the  significance  of 
the  wonderful  discovery  that  was  made  when  Findlay  gas  was  brought 
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to  light.  A  six-inch  hole  1,000  feet  deep  in  this  out  of  the  way  corner 
suddenly  becomes  worth  many  times  over  the  value  of  the  little  farm  in 
which  it  Is  located.  To  duplicate  the  power  that  was  surging  out  from 
this  small  opening  every  day,  it  would  require  acres  of  the  original 
forest,  for  the  growth  of  which  centuries  had  been  used.  The  well 
soon  passed  into  the  hands  of  the  Northwestern  Ohio  Gas  Company, 
and  has  been  utilized  in  its  extensive  system  of  gas  transportation. 

The  Rocky  Ford  Wdl. 

A  mile  northwest  of  the  Simons  well  a  well  was  drilled  at  the  same 
time  and  by  the  same  company,  viz.,  the  Hancock  Oil  and  Oas  Company, 
the  fortune  of  which  was  very  different  from  that  last  described.  The 
well  was  located  on  Section  29,  Bloom  township,  at  the  Rocky  Ford  of 
the  Portage.  The  record  of  the  well  is  unusual  and  is  full  of  interest. 
The  elevation  of  the  casing  is  about  730  feet  above  tide.  But  six  feet  of 
drive  pipe  were  required  to  reach  the  rock.  The  limestone  seen  in  the 
bed  of  the  river  at  the  Ford  is  the  Waterlime,  and  it  is  dipping  westward 
at  the  rate  of  two  or  three  degrees.    The  results  recorded  are  as  follows : 

Drift 61  feet. 

Blue  limestone 200    " 

Gray  limestone 169    " 

Oasing  at 375    " 

The  Niagara  shale,  Clinton  and  Medina  all  appear  in  due  order,  the 
last  being  fifty  feet  of  red  rock.  The  Clinton  proved  petroliferous,  and 
several  barrels  of  oil  were  bailed  out  at  325  feet.  Salt-water  also  came 
in  at  the  same  horizon'.  The  descent  of  the  limestone  from  the  Simons 
well  was  marked,  and  a  calculation  as  to  the  depth  at  which  the  Tren- 
ton would  be  found  was  based  upon  it.  The  figure  taken  was  1,160  feet, 
but  no  allowance  was  made  for  the  lower  level  of  the  well-head.  The 
Trenton  was  aftenirard  found  at  1,154  feet,  and  the  difference  between 
this  figure  and  the  calculated  one  would  be  explained  by  the  difference 
of  elevation  in  the  well-heads.  The  Trenton  is  here  424  feet  below  tide. 
The  drilling  proceeded  regularly  after  the  Clinton  was  passed  to  875  feet, 
where  a  short-grained  shale  was  struck  that  made  great  trouble  in 
caving.  It  was  called  by  the  drillers  ^'  mud-rock,"  but  was  a  common 
phase  of  the  Utica  shale,  struck  apparently  at  a  bad  angle,  and  thus 
disposed  to  fall.  Oas  and  oil  in  small  quantity  were  also  found  in  a 
quite  persistent  horizon  in  the  Hudson  River  shale,  the  one,  viz.,  found 
at  760  feet. 

When  the  Trenton  was  reached,  it  was  found  charged  with  salt- 
water, and  the  well  was  abandoned  as  without  value.    The  sudden  dip 
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of  the  formations  in  this  interval  is  obviously  connected  with  the  great 
accumulation  of  gas  in  the  Simons  well.  The  Earg  well,  it  will  be 
remembered,  stands  in  similar  relations  to  the  sudden  descent  of  the 
Clinton  limestone  from  the  east  Findiay  terrace.  This  well  is  scarcely 
to  be  counted  on  the  border  of  600  feet  rock.  That  border  lies  a  few 
miles  to  the  westward,  unless  the  margin  is  more  tortuous  than  we  have 
thus  far  believed.  The  Trenton  will  be  found  to  rise  out  of  this  swamp 
to  the  northward,  and  may  give  strong  gas-wells  on  that  side  of  the  rise. 

Jerry  City. 

A  well  was  drilled  in  the  summer  of  1886  at  this  point,  and  reached 
the  limestone  at  a  depth  of  1,155  feet,  showing  a  continuation  of  the 
swamp  described  in  the  last  record.    The  well  was  of  no  value. 

A  second  well  drilled  in  this  vicinity  gives  a  peculiar  record.  The 
Clinton  limestone  is  found  to  be  a  true  oil-rock,  supporting  a  flowing  oil- 
well  with  a  daily  production  of  30  or  40  barrels  for  several  months.  The 
oil  is  lighter  than  most  of  the  Trenton  limestone  oil,  and  is  compara- 
tively free  from  odor.  It  will  be  remembered  that  the  Rocky  Ford  well, 
described  on  a  preceding  page,  yielded  oil  from  the  Clinton  horizon. 
These  facts  have  awakened  some  interest  as  to  a  possible  oil-field  in  this 
horizon,  and  in  this  vicinity.  In  answer  to  questions  touching  this 
point,  it  can  be  stated  that  the  horizon  has  proved  productive  in  an  im- 
portant sense  in  but  one  out  of  hundreds  of  wells  that  have  penetrated 
it,  and  that  therefore  no  great  expectations  are  warranted  in  regard  to  it. 

The  well  named  above  is  located  on  the  Weyrick  farm. 

Bloamdale. 

One  of  the  first  wells  to  be  drilled  in  the  prolific  gas-belt  now  under  con- 
sideration was  sunk  at  Bloomdale  by  the  Hancock  Oil  and  Gas  Company, 
with  Mr.  W.  H.  Gilbert  in  charge  of  the  work.  The  well  was  brought 
in  during  the  month  of  May,  1886.    The  record  is  appended : 

Drift 16  feet 

Upper  limestones,  gray,  white  and  blue,  including  the  Niagara 

shale,  in  which  the  casing  was  set 274  " 

Red  rock 80  " 

Blue  and  black  shales. 716  " 

Trenton  at -  1,066  " 

Or  810  feet  below  tide. 

Well  finished  at 1,116  " 

A  fine  vein  of  gas  was  struck,  and  an  attempt  was  made  to  measure 
its  flow  on  June  16,  but  at  that  time  it  was  impossible  to  get  access  to 
the  well  except  through  small  openings  at  a  considerable  distance  from 
the  casing,  and  the  results  are  vitiated  thereby.    The  figures  obtained 
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range  from  8,240,000  to  2,640,000  cubic  feet  per  day.  The  flow  at  the 
open  casing  would,  doubtless,  have  been  more,  probably  not  less  than 
three  and  a  half  to  four  millions  cubic  feet  per  day.  The  well  was  quite 
promptly  shut  in  and  utilized  in  the  heating  and  lighting  of  the  vil- 
lage. The  pressure  rose  to  100  pounds  in  41  seconds,  when  the  well  was 
closed  at  the  date  mentioned  above. 

The  Water- Tank  Wells. 

Four  wells  have  been  drilled  up  to  the  present  time  by  the  North- 
western Ohio  Gas  Company,  in  the  interest  of  securing  a  supply  of  gas 
for  Fostoria.  All  are  located  on  territory  leased  for  this  purpose  near 
the  Godsend  water-tanks  of  the  Baltimore  and  Ohio  Railway,  four  miles 
west  of  Fostoria.  All  are  located  in  Cass  township,  Hancock  county,  and 
within  the  limits  of  the  Kelly  farm.  They  are  known  by  the  company 
as  the  Kelly  wells,  Nos.  1,  2,  3  and  4.  The  first  one  was  brought  in  on 
August  7, 1886.  The  Trenton  was  struck  at  1,136  feet.  The  elevation 
of  the  surface  is,  approximately,  746  feet,  and  the  Trenton  is  thus  seen 
to  be  about  390  feet  below  tide.  A  fair  but  not  a  great  flow  of  gas  was 
found  at  this  point  in  the  surface  of  the  Trenton.  Greatly  increased 
vigor  was  secured  from  the  well  by  deeper  drilling.  A  measurement  of 
the  gas,  as  executed  by  Mr.  J.  Gwynn,  of  the  Fostoria  gas-works,  made 
the  flow  3,187,000  cubic  feet  per  day.  The  first  gas  was  found  at  1,138 
feet,  or  three  feet  in  the  rock.  A  thin  bed  of  shale  occurred  between 
1,188  feet  and  1,146  feet,  and  another  bed  between  1,145  and  1,149  feet. 
At  1,145  feet  the  gas  flow  received  its  final  increment.  The  well  was 
finished  at  1,160  feet.  The  fourth  well,  which  was  drilled  in  November, 
1886,  is  much  more  vigorous  than  the  first  three.  It  is  counted  as  equal 
to  two  of  those  that  preceded  it.  To  explain  this  sudden  increase,  it  is 
only  necessary  to  say  that  the  Trenton  lies  12  or  16  feet  higher  here  than 
in  the  other  wells. 

This  completes  the  list  of  wells  drilled  in  the  Bloom  township  gas- 
field  up  to  Dec.  j  1886.  The  development  of  a  territory  of  great  value  and 
of  greater  promise  has  been  fairly  entered  upon ;  and  the  resources  are 
certain  to  be  of  immense  importance  to  the  thriving  towns  of  north- 
western Ohio.  The  new  fuel  gives  to  these  towns  advantages  far  greater, 
for  the  present  at  least,  than  the  discovery  of  the  best  coal  seams  of  the 
state  within  their  immediate  boundaries  would  do. 

The  statements  made  above  show  the  situation  of  this  part  of  the 
field  in  1886.  Great  progress  has  been  made  during  1887  in  the  de- 
velopment of  the  gas  territory  of  Bloom  township.  Two  strong  corpo- 
rations, viz.,  the  Northwestern  Ohio  and  the  Toledo  Natural  Gas  Com- 
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panies,  have  obtained  control  of  almost  all  the  portions  of  the  township 
that  are  counted  promising  in  this  respect.  More  than  a  score  of 
wells  have  been  already  drilled  and  an  enormous  production  has  been 
secured.  In  fact,  Bloom  township  is  the  main  center  of  distribution 
of  natural  gas  to  all  of  the  surrounding  country.  Two  pipe  lines  extend 
from  it  to  Toledo,  and  it  is  substantially  the  same  field  that  furnishes 
gas  to  the  Fremont  and  Fostoria  lines. 

None  of  the  later  wells  have  reached  the  large  proportions  of  the 
Karg  well  of  Allen  township  or  of  the  Levi  Simons'  well  already  de- 
scribed, but  several  of  them  have  a  daily  flow  exceeding  five  million 
cubic  feet,  and  not  one  of  them  sinks  as  low  as  one  million  feet  per 
day.  Measurements  have  not  been  secured  by  the  Survey  of  many  of 
these  new  wells,  but  the  following  are  believed  to  be  the  most  important, 
viz.,  the  Niebel,  the  Brandeberry,  the  Abram  Baker  and  the  Gray  wells. 
In  addition  to  these,  excellent  wells  have  been  obtained  on  the  following 
farms,  viz.,  the  Fife  (four  wells;,  Moke,  Stove,  Weisel,  Rhoads,  E.  Simon, 
Minks,  Handwork,  Myers,  J.  C.  Baker  and  the  Byal  farms.  The  Weisel 
well,  as  reported  by  C.  C.  Conroy,  showed  six  pounds  pressure  in  a  3-inch 
pipe,  which  stands  for  a  production  of  3,800,000  cubic  feet  per  day. 

The  gas  territory  as  now  defined  occupies  the  following  sections  in 
whole  or  in  part,  viz.,  sections  19,  20,  21,  22,  23,  27,  28,  29,  30,  31,  32, 
33,  34,  35  and  36.  It  is  quite  possible  that  it  may  be  found  necessary  to 
add  a  few  sections  to  this  list,  and  it  is  also  to  be  noted  that  one  or 
two  sections  are  included  here  that  have  not  yet  been  proved  to  be  pro- 
ductive.   The  latter  are,  however,  surrounded  by  productive  territory, 

A  few  sections  of  Perry  township  to  the  eastward  may  also  prove 
to  be  gas-bearing  on  a  fair  scale. 

The  territory  as  now  laid  down  agrees  quite  closely  with  the  areas 
of  Niagara  limestone,  as  represented  on  Winchell's  map  of  1871-2,  as 
already  pointed  out.  Its  northern  limit  is  found  in  the  Portage  sag, 
referred  to  in  several  other  connections.  To  the  southward  the  gas  ter- 
ritory of  Bloom  township  unites  and  is  continuous  with  the  Allen  and 
Cass  townships  field  already  described. 

On  the  west  the  boundary  is  sharp,  being  effected  by  the  northward 
extension  of  the  Findlay  monocline.  The  breadth  of  a  single  farm,  and 
sometimes  of  a  single  field,  is  often  enough  to  cover  the  change  from  gas 
to  oil  production. 

It  is  probable,  from  recent  investigations,  that  the  eastern  boundary 
does  not  extend  far  beyond  the  territory  already  proved. 

Several  millions  of  dollars  have  been  already  invested  in  the  exploi- 
tation of  the  Bloom  township  gas-field,  with  the  surest  prospects  of 
being  returned  to  the  investors,  with  large  additions. 
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Pipe  Lines. 

The  Northwestern  Ohio  Company's  line  extends  from  the  southern 
boundary  of  sections  10  and  11,  Cass  township,  Hancock  county,  due 
north  through  Bloom,  Portage,  Center  and  Webster  townships,  of  Wood 
county,  and  thence  to  Toledo,  a  distance  of  thirty-three  miles.  The 
entire  line  is  laid  with  10-inch  pipe.  This  company  counts  at  the 
present  time  twenty-four  producing  wells,  and  among  these,  as  already 
stated,  are  many  of  the  largest  wells  of  the  entire  field. 

The  Toledo  Natural  Gas  Company  has  a  line  about  thirty  miles 
long,  extending  from  the  Hancock  county  line  at  its  contact  with  Sec- 
tions 31  and  32,  Bloom  township,  in  a  due  north  direction.  It  is  three 
miles  west  of  the  line  previously  described.  For  most  of  the  distance 
10-inch  pipe  is  used,  but  a  few  miles  nearest  Toledo  are  laid  with  12-inch 
pipe.  This  company  has  a  number  of  fair  wells  in  the  territory  already 
reviewed,  embracing  several  of  those  previously  named. 

The  Fostoria  and  Fremont  lines  consist  of  6-inch  pipe. 

The  Tiffin  line  consists  of  two  and  one-half  miles  of  6-inch  pipe 
and  nineteen  miles  of  S-inch.  This  last-named  company  has  thus  far 
depended  almost  entirely  on  the  fi^mous  Thorntree  well,  of  Marion 
township,  Hancock  county,  but  in  August,  1887,  a  well  was  finished  for 
the  line  that  exceeds,  according  to  the  report  of  Superintendent  Brooks, 
all  the  wells  of  the  new  field.  Its  open  pressure  in  the  casing  was 
found  to  range  between  six  and  seven  pounds,  thus  showing  a  produc- 
tion of  more  than  15,009,000  cubic  feet  per  day. 

The  weU  is  located  on  the  farm  of  Adam  Roth,  section  14,  Marion 
township,  near  the  center  of  the  section,  about  a  mile  south,  and  a  little 
east  of  the  Thorntree  well. 

The  Hbnry  Township  Oil-Field. 

The  oil  production  immediately  to  the  west  of  the  Findlay  break  as 
the  latter  extends  through  Henry  township,  far  exceeds  in  importance 
that  of  any  other  equal  area  in  the  new  field.  The  productive  territory 
is  limited  to  the  two  easternmost  lines  of  sections  of  the  township,  viz., 
sections  1,  2, 11, 12, 13,  14,  23,  24,  25,  26,  36  and  36.  These  sections  are 
by  no  means  of  equal  value  in  this  regard,  but  the  third,  fourth,  fifth 
and  sixth  of  the  square  miles  named  above  bid  fair  to  take  rank  with 
the  most  famous  centers  of  production  yet  found  in  the  United  States. 
Section  14  must  be  added  to  this  list,  but  only  a  small  portion  of  its 
eastern  side  is  likely  to  be  found  good  territory. 

More  than  fifty  wells  have  been  drilled  within  the  areas  above  noted 
during  the  last  year,  all  of  which  have  produced  oil  in  valuable  amount, 
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and  some  of  which  stand  easily  at  the  head  of  the  oil  production  of  the 
state. 

The  development  of  the  field  began  with  the  drilling  in  of  a  well  on 
the  David  Fulton  farm,  Section  14,  about  the  first  of  December,  1886. 
The  well  was  known  at  the  time  as  the  Hammansburg  well.  Its  record, 
as  kindly  furnished  by  C.  C.  Conroy,  Esq.,  is  appended : 

Upper  limestones  (Waterlime  and  Niagara) 800  feet 

Slate  (Niagara  shale) 30    " 

Second  liineatone,  (Clinton).. 70    " 

Oased  at  400  feet. 

Trenton  limestone  reached  at.. 1,160    " 

(490  feet  below  tide — ^approximate). 
Oil  foand  at  1,192  to  1,194  feet    Filled  a  260-barrel  tank  in  twelve  hoars. 

This  was  the  largest  production  that  had  been  found  outside  of  the 
Lima  field,  no  well  in  the  Findlay  district  having  thus  far  yielded  more 
than  half  this  amount  per  day.  The  consequence  was  that  there  was  a 
great  influx  of  drillers  into  the  immediate  neighborhood,  and  the  new 
territory  was  eagerly  competed  for. 

The  second  well  to  be  brought  in  is  known  as  the  Henning  well. 
It  is  situated  about  500  feet  eastward  from  well  No.  1.  It  was  completed 
on  February  25th,  1887.  The  Trenton  limestone  was  reached  at  a  depth 
of  1,206  feet,  and  the  oil  at  thirty  to  thirty-seven  feet  in  the  limestone. 
At  a  depth  of  thirty-three  feet,  250  feet  of  oil  appeared  in  the  well.  Be- 
low the  first  oil  streak  a  hard  cruHt  occurred.  When  this  was  penetrated 
the  drill  seemed  at  first  to  fall  as  if  it  had  reached  a  cavity.  Presently 
the  force  of  the  gas  that  accompanied  the  oil  became  so  great  that  the 
weight  of  the  tools  was  borne  up,  and  the  walking  beam  thus  relieved, 
played  rapidly  up  and  down.  The  oil  filled  a  250barrel  tank  in  fifty- 
seven  minutes,  and  the  totitl  production  of  the  first  day  ranged  between 
1,500  and  2,000  barrels,  according  to  judicious  estimates. 

Facts  like  these  put  a  new  face  on  the  oil  production  of  northwestern 
Ohio,  both  as  regards  producers  and  purchasers.  In  spite  of  the  low  and 
the  steadily  shrinking  prices  for  the  oil,  production  could  be  maintained 
on  wells  like  the  last.  The  possibilities  of  the  new  territory  as  revealed 
by  the  Henning  well  led  to  an  immediate  reduction  in  the  price  paid 
for  oil  throughout  the  fields.  The  Henning  well  is  now  producing 
sixty  to  seventy  barrels  per  day. 

After  this  surprising  record,  the  development  of  the  field  was 
pushed  forward  rapidly  until  in  July  a  well  was  brought  in  that  be- 
longs to  a  class  to  which  very  few  in  any  part  of  the  world  are 
admitted.  The  Slaughterbeck  well.  No.  3,  in  the  southwest  quarter  of 
section  13,  the  first  day  after  the  oil-rock  was  reached,  and  without 
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any  aid  from  torpedoes,  put  4,800  barrels  into  the  tanks  and  then  over- 
flowed upon  the  ground  for  two  hours.  It  is  entirely  within  limits  to 
say  that  its  first  day's  yield  was  in  excess  of  6,000  barrels.  At  the 
end  of  two  months  it  was  still  producing  between  2,000  and  3,000  bar- 
rels per  day  when  allowed  to  flow.  Its  total  production  to  October  1st, 
1887,  will  fall  little,  if  any,  short  of  100,000  barrels.  This  well  marks 
the  highest  point  reached  by  the  new  oil-rock,  and  would  ensure  it  a 
place,  if  any  doubt  existed  as  to  its  character,  among  the  great  oil  reser- 
voirs of  the  world.  In  this  region  the  Trenton  limestone  is  found  at  a 
depth  of  about  1,150  feet,  or  about  440  feet  below  tide.  It  lies  very 
nearly  level  throughout  this  region. 

Another  great  well  has  recently  been  brought  in  (September,  1887,) 
on  the  Jere.  Foltz  farm,  section  12,  near  the  line  of  the  T.,  C.  <fe  S.  R'y. 
This  well  was  shot,  and  in  the  first  two  and  one-fourth  hours  thereafter 
put  1,000  barrels  into  the  tank. 

It  is  not  necessary  to  follow  the  details  of  the  development  further. 
The  producers  of  the  Henry  township  field  could  safely  sink  wells  even 
when  the  price  of  oil  was  reduced  to  fifteen  cents  a  barrel,  and  it  re- 
quired varied  arguments,  the  most  potent  of  which  was  the  intimation 
that  tankage  would  not  be  provided  for  the  oil,  to  induce  them  to  en- 
tirely suspend  the  work  of  the  drill  through  the  latter  half  of  1887, 
except  as  the  requirements  of  contracts  might  occasionally  demand. 

The  practical  men  who  are  familiar  with  the  history  now  briefly 
sketched  entertain  great  expectations  of  this  portion  of  the  field.  The 
most  conservative  among  them  declare  that  with  a  price  of  thirty  cents 
per  barrel  for  oil,  the  production  of  Henry  township  would  in  sixty  days 
rise  to  50,000  barrels  per  day.  There  are  those  who  believe  that  these 
figures  could  easily  be  doubled  within  this  single  township. 

The  cost  of  drilling  is  comparatively  light.  Casing  does  not  exceed 
400  feet,  and  the  wells  are  but  little  more  than  1,200  feet  deep. 

Thus  far  but  few  of  the  wells  have  been  "shot".  So  long  as  thd 
production  exceeds  100  barrels  per  day,  they  are  let  alone.  Torpedoing 
restores  their  production  for  a  time.  No  pumping  has  yet  been  done 
here. 

The  character  of  the  oil  has  already  been  noticed  in  the  description 
of  the  first  well  at  North  Baltimore.  When  fresh,  it  has  a  gravity  of 
fully  42®  B.  In  other  words,  it  is  livelier  and  more  valuable  for  refining 
than  Lima  or  Findlay  oil.  A  more  extended  discussion  of  the  character 
and  real  value  of  the  various  grades  of  Trenton  limestone  oil  will  be  re- 
served for  a  separate  chapter. 

The  field  is  quite  limited  in  extent,  as  already  implied.  It  consists 
of  a  belt,  of  less  than  two  sections  (or  miles)  in  breadth,  and  extending 
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five  or  six  miles  in  a  north  and  south  line,  on  the  east  side  of  which  great 
accumulations  of  gas  are  found,  while  on  the  west  the  drill  strikes  salt- 
water as  soon  as  the  oil  level  is  reached.  In  some  parts  of  the  field,  salt- 
water is  found  with  the  oil-sand ;  in  all  parts  it  comes  in  as  the  wells 
begin  to  fail.  The  value  of  the  field  is  no  doubt  enhanced  by  the  near 
presence  of  the  Portage  sag,  a  northeasterly  depression  in  the  strata, 
which  makes  the  northern  boundary  of  the  field  as  now  defined.  Wells 
drilled  in  this  territory  strike  salt-water  promptly. 

Wells  of  Van  Wert  County. 

The  drilling  done  to  the  west  and  north  of  Lima  will  next  be  de- 
scribed. The  experience  of  Van  Wert  and  Delphoa  in  their  search  for 
the  new  source  of  power  will  be  given  at  this  point.  The  Citizens' 
Natural  Oil  and  Gas  Company  was  organized  early  in  1886  in  the  former 
town,  with  a  capital  stock  of  $3,080  in  910  shares.  The  contract  to  drill 
a  well  was  let  to  the  Lima  Drilling  Company.  Work  was  begun  near 
the  center  of  the  town  on  April  23d,  and  on  Hay  15th  the  Trenton  was 
reached  at  a  depth  of  1,220  feet,  or  434  feet  below  tide.  For  the  record 
of  the  well  and  for  access  to  an  excellent  set  of  samples  of  drillings  from 
difierent  depths,  the  Survey  is  indebted  to  Dr.  D.  L.  Corbin,  of  Van 
Wert.  The  record  is  herewith  given,  the  divisions  being  established  on 
the  samples  examined : 

Drift.. 82  feet 

Waterlime,  bine  and  hard.. 148    " 

Niagara  limestone 186    '^ 

Niagara  shale.. 15    " 

Clinton  limestone..... 40    ** 

Well  cased  at  thie  point. 

No  red-rock  noted. 

Medina  and  Hndson  River  shales,  blue 510  feet. 

Utica  shale,  dark. 290    " 

Trenton  at.. 1,220    " 

Oasin  small  amount,  at. 1,288    " 

Hard  shell., 1,238    « 

Oil -   1,240    " 

• 

The  well  was  shot  from  1,230  to  1,242  feet,  and  the  oil  was  thrown 
high  above  the  casing.  The  pump  was  introduced,  and  it  delivered  oil 
in  connection  with  salt-water  in  large  proportion  for  a  few  hours.  Then 
followed  a  small  quantity  of  oil  alone,  fifteen  to  twenty  barrels  being 
pumped  in  all.  The  stream  grew  finer,  and  finally  ran  down  to  nothing. 
The  gas  was  piped  to  the  mills  near  by,  and  was  used  under  the  boiler 
for  fuel,  but  the  flow  is  insignificant,  being  less  than  3,000  cubic  feet  per 
day.  Here  again,  the  presence  of  oil  in  quantities  sufficient  to  be 
pumped  attracted  the  attention,  and  inspired  the  confidence  of  prospec- 
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tors  and  drillers  to  such  an  extent  that  considerable  territory  has  been 
leased  for  drilling  privileges  in  this  vicinity.  The  further  tests  that 
have  been  made  up  to  the  present  time  do  not  require  minute  descrip- 
tion. 

So  far  as  results  are  concerned,  the  first  record  substantially  covers 
all  the  subsequent  trials.  The  level  of  the  oil-rock  is  not  altogether  un- 
favorable to  production,  and  its  chemical  composition  is  such  as  to  give 
it  a  fair  degree  of  porosity,  but  from  some  cause  the  conditions  for  large 
accumulations  are  wanting.  Just  enough  oil  has  thus  far  been  found 
to  awaken  the  unnecessary  fear  among  the  people  that  valuable  oppor- 
tunities will  be  lost  unless  more  drilling  is  undertaken. 

Delphos  also  drilled  in  the  spring  of  1886.  For  the  facts  pertaining 
to  this  well,  the  Survey  is  indebted  to  Emerson  Priddy,  Esq.,  of  Delphos. 
The  well  was  begun  at  an  elevation  of  776  feet  above  tide,  and  the  Tren- 
ton was  struck  at  1,228  feet,  or  453  feet  below  tide.  The  record  is  append- 
ed, the  divisions  being  established  on  the  excellent  set  of  drillings 
from  various  depths  preserved  by  Mr.  Priddy : 

Drift 5  feet. 

Waterlime  and  Nisgara.. 840    ** 

Niagara  shale  Btrack  at. 846    " 

Olinton  limestone  ending  at 425    " 

Red-rock,  Medina  shale,  at 430    " 

Well  cased  at  this  point. 

Hudson  River  shale 568  feet 

Utica  shale.. 200    " 

Trenton  at 1,228    " 

The  structure  of  the  Trenton-limestone  as  found  in  this  well,  is  as  fol- 
lows :  Uppermost  two  feet,  hard ;  then  oil  and  salt-water  in  small  amount ; 
hard  shell,  one  foot;  fine  and  close,  one  foot;  shell,  one  foot;  fine  and 
hard,  seven  feet,  at  which  point  salt-water  was  found  in  large  quantity. 
The  well  was  plugged  at  1,250  feet,  and  then  shot  with  forty  quarts  of 
nitro-glycerine  below  1,228  feet,  but  without  any  favorable  effect.  The 
largest  quantity  of  oil  obtained  was  from  a  Hudson  River  horizon,  at 
760  feet,  but  even  this  was  of  no  value  whatever.  The  presence  of  red- 
rock  in  this  well  is  of  special  interest,  as  this  mark  of  the  Medina  has 
not  been  noted  in  the  Allen  County  wells. 

Wells  op  Putnam  County. 

Putnam  county  could  not  fail  to  feel  the  excitement  in  regard  to 
oil  and  gas  that  was  sweeping  through  all  the  territory  to  the  south  and 
east  of  it.  Ottawa,  Columbus  Grove,  Leipsic  and  Ealida  have  each  tested 
the  Trenton  rock  within  the  last  year,  and  although  they  have  secured 
no  valuable  returns  to  themselves,  the  facts  developed  are  of  great  value 
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in  the  general  discassion  of  the  new  oil  horizon  in  northwestern  Ohio. 
These  towns  drilled  their  wells  in  the  order  named  above. 

OUatoa. 

In  the  drilling  that  has  been  done  in  Putnam  county,  a  woman  led 
the  way.  Mrs.  Beckmann  had  a  well  drilled  to  the  Trenton  limestone, 
at  her  own  expense,  on  her  property  in  Ottawa,  in  the  winter  of  1886. 
The  record  is  as  follows : 

Drift 05  feet. 

Niagara  limestone... 497    '' 

Shale 718    •* 

Trenton  limestone  struck  at.. 1,830  feet. 

Or  602  feet  below  tide. 

Gas  found  at 1,846    " 

Oil  at 1,852    " 

Well  finished  at 1,366    " 

After  torpedoing,  fifteen  to  twenty  barrels  of  oil  of  a  heavy  grade 
were  pumped.  A  sample  pf  the  oil  tested,  after  considerable  exposure, 
was  found  to  stand  at  33^  B.  The  pump  soon  ceased  to  deliver  oil,  and 
salt-water  was  its  only  production.  The  well  was  forthwith  abandoned. 
The  fact  that  oil  was  found  in  the  well,  however,  was  interpreted  as 
certainly  favorable  to  the  promise  of  the  district,  and  a  second  well  was 
soon  under  way,  drilled  by  a  number  of  prominent  citizens  organized 
under  the  title  of  the  Ottawa  Natural  Gas  Company.  This  well  is  lo- 
cated a  half  mile  or  more  east  of  well  No.  1.  Its  record,  as  furnished 
by  Mr.  S.  F.  DeFord,  superintendent  of  schools  in  Ottawa,  is  as  follows : 
The  identifications  of  the  strata  were  made  on  the  basis  of  drillings 
saved  by  Mr.  DeFord. : 

Drift 60  feet. 

Waterlime »  220  " 

Niagara  limestone 260  " 

Niagara  shale ^  16  " 

Clinton 35  " 

Medina  and  Hudson  River  shales 434  " 

Utica 300  " 

Trenton  struck  at.. 1,814  " 

Or  686  feet  below  tide. 

The  Trenton  was  close-grained  and  hard,  but  between  nine  and 
twelve  feet  from  its  upper  surface  a  small  vein  of  gas  was  struck,[and  a 
little  oil  was  also  found  a  few  feet  lower.  The  well  was  shot,  and  a 
small' increase  in  the  flow  of  the  gas  was  obtained,  but  the  flow  had  no 
force.  An  anemometer  measure  taken  soon  after  the  well  was  completed 
showed  it  to  be  producing  1,270  feet  per  day. 
16        G. 
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Columbua  Orove. 

This  enterprising  village  also  entered  the  field  of  exploration  at  an 
early  date.  A  company  was  organized  of  leading  citizens,  and  a  trial 
well  was  drilled  adjoining  the  railway  station  in  December,  1885.  The 
record  is  not  very  complete,  but  the  essential  facts  are  given  below : 

The  drift  was  17  feet  thick,  the  upper  limestone  470  feet,  and  the 
Trenton  was  iound  at  1,278  feet,  or  526  feet  below  tide.  Gas  was  found 
at  740  feet  in  the  Hudson  River  horizon,  and  a  small  stock  of  oil  was 
found  in  the  Trenton.  A  pump  was  set  to  work,  and  six  barrels  of  oil 
were  delivered  by  it,  and  this  was  the  end.    The  oil  was  of  84**  gravity. 

Ldpric. 

A  company  which  was  organized  in  this  village  in  January,  1886, 
under  the  title  of  the  Leipsic  Natural  Gas  and  Oil  Company,  proceeded 
forthwith  to  drill  a  well.  The  well  was  completed  on  April  3d.  The 
record  is  somewhat  incomplete,  but  the  following  facts  are  furnished  by 
Dr.  J.  C.  McClung,  President  of  the  Company,  and  Mr.  J.  A.  Carrothers, 
contractor : 

Drift,  mainly  blae  clay 78  feet. 

Upper  limestone,  aboat 600    " 

Well  cased  at 684    " 

Trenton  Btrnck  either  at  l,447i  or  at 1,456)  " 

Its  surface  is,  therefore,  about  700  feet  below  tide.  Gas  was  found 
at  a  depth  of  ten  feet  or  more  in  the  Trenton,  and  oil  a  few  feet  below. 
At  the  same  level  with  the  oil  a  great  volume  of  salt-water  was  unlocked. 
It  filled  the  well  and  made  several  overflows.  The  entire  column  was 
taken,  at  first,  to  be  oil.  A  tank  was  erected  and  pumping  begun.  A 
few  inches  of  oil  were  accumulated  in  the  tank,  but  the  pump  found 
nothing  further  to  work  upon.  The  gas  production  was  insignificant 
in  amount. 

Wells  have  also  been  drilled  at  one  or  two  other  points  in  the  coun- 
ty, but  thus  far  no  valuable  production  can  be  referred  to  them.  If  Put- 
nam county  contains  gas  or  oil  in  large  and  remunerative  amount,  it  re- 
mains yet  to  be  discovered,  and  with  the  chances  apparently  against  said 
discovery. 

The  full  record|of  another  well  drilled  here  in  September,  1887,  is 
not  at  hand,  but  the  statements  made  in  regard  to  it  imply  considerable 
more  promise  in  the  oil-rock.  If  any  valuable  production  is  found  here, 
it  will  be  a  decided  exoeption'to  the  law  of  the  600  feet  limit  of  produc- 
tion.   Such  exceptions  are  thus  far  very  few. 
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Kaiida, 

Ealida  organized  a  company  to  test  the  Trenton  in  its  vicinity  in 
the  sammer  of  1886.  In  the  rocks  that  are  exposed  near  the  town  there 
4ure  several  flexures  that  have  always  attracted  the  attention  of  those 
observant  of  such  facts.  Well-marked  anticlinals,  though  on  a  very 
small  scale,  are  found  in  the  valley  of  the  Ottawa  River,  two  miles  above 
Ealida.  The  well  was  not  located,  however,  near  this  point,  but  a  half- 
mile  north  of  the  town  instead.  The  record,  which  was  kept  by  Judge 
Oeorge  Skinner,  to  whose  intelligent  interest  in  all  questions  of  this 
43ort  the  county  is  greatly  indebted,  is  as  follows : 

Estimated  elevation  of  well-head 726  feet 

Drift 16    " 

Limestone 686    " 

Shale ^ 701    " 

Trenton  struck  at.. 1,801    " 

Or  676  feet  below  tide. 

At  70  feet,  red  sand  was  reported ;  at  366  feet,  light-colored  lime- 
stone ;  at  600  feet,  a  clay  seam,  which  is,  undoubtedly,  the  Niagara  shale. 
A  small  vein  of  gas  was  found  at  1,808^  feet,  and  a  little  oil  at  1,816 
feet.  The  rock  was  soft  from  1,345  to  1,364}  feet,  where  salt-water  was 
struck  in  quantity,  and  the  drilling  was  arrested.  The  well  is  of  no  ^ 
value. 

Thb  Nobthwbstebm  Counties. 

The  attempts  of  the  four  northwestern  counties  of  the  state,  Fulton, 
Williams,  Defiance  and  Henry,  to  obtain  gas  or  oil  from  the  Trenton 
limestone,  remain  to  be  described  in  completing  the  account  of  this 
portion  of  the  state.  Drilling  has  been  disastrous  to  most  of  the  contrac- 
tors who  have  undertaken  these  wells,  chiefly  from  a  lack  of  knowledge 
of  the  geological  section  that  was  to  be  expected  here.  The  Ohio  shale 
'enters  these  counties,  and  is  found  in  five  out  of  six  wells  in  which 
drilling  has  been  begun.  This  fact  ensured  the  .presence  of  the  entire 
limestone  column  of  the  state,  instead  of  a  half  of  it,  or  less,  as  is  found 
in  all  of  the  wells  of  the  main  fields.  Water,  and  salt-water  at  that,  is 
also  certain  to  be  struck  in  this  great  series  of  Devonian  and  Upper  Si- 
lurian limestones,  so  that  there  would  be  required  from  two  to  six  times 
as  much  casing  for  the  wells  as  is  needed  in  Wood,  Hancock  and  Allen 
counties.  In  addition  to  this,  the  drift-beds  are  excessive  in  many 
places ;  and  some  of  them  are  filled  with  water,  giving  rise  to  quick- 
sands of  a  most  troublesome  character  for  the  driller. 

These  counties,  so  far  as  they  are  covered  with  Ohio  shale,  all  abound 
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in  sarface  indications  of  gas  derived  mainly  from  this  shale.  The  ga» 
is  sometimes  found  in  the  shale  itself,  where  it  originates,  but  often  in 
the  beds  of  drift  overlying  the  shale.  In  the  latter  case  it  may  be  de- 
rived in  part,  also,  from  vegetable  matter  in  the  shape  of  timber,  soils, 
etc.,  that  are  imbedded  in  the  drift  deposits.  Throughout  this  district 
the  water  supply  of  the  drift  is  somewhat  defective,  and  deep  wells  are 
required  wherever  a  permanent  supply  of  well-water  is  to  be  obtained. 
The  driving  or  drilling  of  these  deep  wells  has  released,  in  many  cases, 
considerable  quantities  of  this  natural  gas,  some  of  which  has  been  util- 
ized, for  a  number  of  years,  for  heating  purposes  in  private  residences. 
Already  familiar,  in  a  small  way,  with  the  presence  and  the  use  of  nat- 
ural gas,  it  was  no  wonder  that  these  towns  set  out  with  a  good  deal  of 
enthusiasm  in  quest  of  the  new  horizon.  The  most  was  made  of  these 
surface  indications,  and  many  people  felt  entirely  confident  that  ta 
obtain  a  full  supply,  it  was  but  to  ask  and  to  receive.  The  experience 
of  the  last  six  months  has,  however,  changed  all  this.  Of  the  six  wells^ 
started  early  in  1886  within  these  four  counties,  two  reached  the 
goal  toward  which  they  were  directed,  by  the  end  of  that  year,  but  only 
to  find  the  Trenton  rock  either  altogether  dry  or  buried  in  a  flood  of  salt- 
water. The  remaining  wells  struggled  along  with  difficulties  altogether 
unexpected  in  the  outset,  and  one  of  them  gave  over  the  discouraging^ 
undertaking  when  only  half-way  down. 

DtUa. 

This  thriving  village  of  Fulton  county  had  long  made  use  of  natural 
gas  on  a  very  limited  scale.  The  water  wells  of  the  vicinity  are  100  or 
more  feet  in  depth,  and  some  of  them  have  brought  up  small  but  per- 
sistent supplies  of  gas,  and  this  has  been  used  in  at  least  one  instance 
in  the  village  for  heating  purposes,  viz.,  at  the  residence  of  Mr.  Barber. 
The  supply  was  derived  from  the  drift,  it  is  true,  but  the  ultimate 
source  of  it  was,  no  doubt,  the  underlying  shale  None  of  this  gas 
came  from  the  deep  source  that  Findlay  has  struck.  So  far  as  thia 
latter  horizon  is  concerned,  the  numerous  small  gas-wells  of  the  north- 
western counties  have  absolutely  no  significance.  The  gas  not  only 
comes  from  a  difierent  source,  but  it  has  a  difierent  composition  from 
the  Trenton  supply. 

Delta  began  to  drill  in  November,  1885,  and  abandoned  the  work  in 
April,  1886.  The  record  is  a  very  instructive  one  so  far  as  it  goes,  but 
it  is  profitable  for  instruction  only.  Mr.  J.  E.  Brownyar  was  the  con- 
tractor. He  undertook  the  work  with  the  expectation  of  finding  a  sec- 
tion similar  to  those  of  Findlay,  Bowling  Green  and  Toledo.  The 
record,  as  kept  by  him,  is  as  follows : 
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Drift 


fOUiJ 

<  Qaicksand 
(Gravel , 


98  feet.) 
6    "       . 
17    "    J 


116  feet 


Ohio  Sbftle 


rBlack  shale 60  feet  1 

Light  Bhale 16  " 

Black  shale 68  " 

Limestone  boalders    46  "     [ , 

White  soapstone  ....     14  " 

Hard  rock 1  « 

White  slate 10  " 

Limestone,  white...  712  " 

sandy...    92  " 

shaly...  288  " 

"         90  " 

Redrockat 1,460  feet 

Where  the  well,  at  present,  terminates. 


208  feet 


1,182  feet 


No  samples  were  saved  by  which  the  record  could  be  divided  or  dis- 
tributed or  corrected.  There  are  several  anomalous  features  in  the 
record,  as  it  now  stands,  that  would  undoubtedly  disappear,  if  a  careful 
inspection  of  the  drillings  had  been  made  possible.  Reduced  to  its 
briefest  terms,  it  is  as  follows  : 

Drift 116  feet 

Shale 203    " 

Limestone  series ..1,182    " 

Medina  shaleat 1,460    " 

The  Trenton  is  due  at  about  2,150  feet.  The  well  required  to  be 
cased  to  the  very  bottom  of  the  present  drilling  in  order  to  comply 
with  the  terms  of  the  contract.  All  thought  of  getting  any  valuable 
returns  from  the  well  had  disappeared  in  the  long  struggle  with  solid 
limestone  and  salt-water.  Tne  geological  divisions  that  seem  probable 
■are  as  follows : 

Qpper  Helderberg  limestone 60  feet 

Lower  "  "         660    " 

Niagara  limestone  and  shale 880    '* 

Clinton  limestone 90    " 

It  is  possible  that  all  of  these  figures  are  somewhat  in  excess  of  the 
facts. 

The  Ohio  shale  is  seen  to  have  a  similar  composition  to  that  which 
is  found  to  the  eastward.  The  divisions  here  seen  prove  fairly  constant 
in  northwestern  Ohio,  as  will  be  shown  in  later  records.  Drilling  from 
this  point  downward  to  the  Trenton  would  undoubtedly  be  a  much 
easier  matter  than  the  descent  to  the  Medina  shale.  With  good  fortune, 
the  drillers  would  find  the  Trenton  with  six  days'  work  after  the  tools 
^ere  again  started.  The  owners  of  the  well  may  choose  to  settle  defi- 
nitely the  question  as  to  the  character  of  the  Trenton  rock  beneath 
them,  after  having  already  expended  so  much  in  their  unavailing 
search.    A  little  gas  was  found  at  400  feet,  or  about  eighty  feet  below 
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the  surface  of  the  great  limestone  section;  bat  taken  as  a  whole,  the 
show  of  gas  and  oil  was  unusually  light  for  a  drilling  of  this  depth. 

Wduseon. 

Drilling  was  begun  at  Wauseon  in  the  spring  of  1886.  It  was  com- 
pleted without  valuable  result  in  the  early  part  of  1887.  An  unusual 
depth  for  the  Trenton  limestone  was  found  here,  viz.,  2,185  feet,  or  1,867 
feet  below  tide.  This  sag  was  entirely  unexpected,  and  up  to  this  time 
no  corresponding  facts  have  been  reported.  The  strata  are  seen  to  be 
pitching  sharply  down  under  the  Michigan  coal  basin. 

An  excellent  record  was  kept  of  this  well  in  the  shape  of  samples  of 
the  drillings  from  various  depths  by  M.  Britton,  Esq.,  the  contractor^ 
The  leading  facts  are  as  follows : 


Drift- 166  feet. 

f  Black 94  feet.) 

Ohioshale'^  Soft,  calcareous,  blae-  80    <<     [ 194  feet 

I  Black 70    **     J 

Hard  limeatone  with  chert 20  feet. ) 

Soft  clay  shale- 15    "     \ 89  feet. 

Hard  dark  limestone- 4    "     J 

Whiteshale 

Devonian  and  npper  Silnrian  limestones  (approximate) 1,100  feet. 

Shales,  Medina,  Hudson  River,  Utica  (approximate) 646    " 


The  Trenton  was  struck  in  January,  1887,  at  a  depth  of  2,136  feet. 
The  first  five  feet  were  intermixed  with  slate.  Gas  was  found  at  2,152 
feet,  and  oil  at  2,158  feet.  The  well  was  heavily  shot  and  the  flow  of 
gas  and  oil  yselb  considerably  increased  thereby.  The  gas  reached  a 
pressure  of  100  pounds  in  twenty-five  minutes,  and  is,  in  quantity, 
enough  for  three  or  four  boilers.  The  pump  has  yielded,  thus  far, 
twenty-five  barrels  of  oil. 

Though  the  well  furnished  the  ordinary  small  and  deceptive  display 
of  gas  and  oil  that  belongs  to  this  corner  of  the  state,  it  was  soon  seen  that 
it  must  be  counted  a  failure,  but  the  apparent  success  of  Bryan,  presently 
to  be  described,  led  to  kindling  the  fires  again,  and  sending  the  drill  still 
deeper.  No  good  resulted  from  the  repeated  trial,  and  the  field,  so  far  as 
one  well  record  can  determine  such  a  fact,  is  valueless  as  a  source  of  gas 
and  oil. 

The  facts  that  appear  here  indeed,  are  peculiarly  discouraging,  in- 
asmuch as  a  sag  of  the  limestone  is  revealed  in  this  territory  that  would 
be  sure  to  be  a  salt-water  basin  if  the  Trenton  limestone  in  it  is  of  a 
porous  character. 

One  unusual  fact  is  to  be  noted  in  the  Wauseon  record.  At  714  feet 
below  the  surface  in  the  middle  portion  of  the  Waterlime  series,  seven 
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feet  of  a  bituminoas  mineral  that  is  indistinguishable  from  some  varie- 
ties of  coal,  was  reported  by  the  driller.  Samples  were  also  furnished  by 
Mr.  Britton,  who  was  present  at  the  well  when  the  mineral  was  reached 
and  while  it  was  being  drilled  through  and  pumped  out. 

The  first  conclusion  on  an  inspection  of  the  drillings  would  be  that 
coal  had  been  purposely  or  accidently  thrown  into  the  well  and  drilled 
into  powder  here ;  but  Mr.  Britton's  positive  and  circumstantial  testi- 
mony excludes  such  an  explanation  and  renders  it  certain  that  the 
asphaltic  matter  of  the  Waterlime  is  at  this  point  so  abundant  as  to 
make  a  chief  element  in  six  or  eight  feet  of  rock.  The  constitution  of 
the  '*coal"  is  as  follows :    (Lord.) 

Water.. 1.80 

Volatile  combostible  matter 20.65 

Fixed  carbon 66.86 

Ash.. 11.20 

*       It  is  not  certain  that  this  analysis  represents  the  entire  stratum. 

Gypsum  was  also  found  in  the  Waterlime  in  notable  quantity,  as  in 
most  other  complete  sections  of  this  great  sheet. 

Bryan. 

Drilling  was  begun  in  Bryan  in  June,  1885,  and  the  Trenton  lime- 
stone was  reached  in  November.  The  record  was  kept  with  care  by 
Mr.  David  A  Wolff,  by  whom  it  has  been  kindly  furnished  to  the  Survey. 
It  is  herewith  appended  : 

Drift 164  feet. 

f  Black Bhale 83  feet.) 

^  White  slate 18    **     >  167  feet. 

I  Black  slate 61    "     ) 

Upper  limestone 1,009  feet. 

Shales  666    " 

Trenton  found  at , 1,990    " 

Or  1,240  feet  below  tide-water. 

A  good  deal  of  trouble  was  experienced  in  getting  through  the  drift. 
There  were  eighty  feet  of  quicksand  that  it  was  hard  to  pierce.  Under 
the  white  slate,  at  250  feet,  quite  a  vigorous  flow  of  gas  was  found.  The 
Medina  shale,  red  in  color,  was  struck  at  1,320  feet,  and  held  for  the 
length  of  a  single  screw.  The  well  was  cased  at  1,345  feet.  The  Tren- 
ton had  the  usual  characteristic  odor  of  petroleum,  but  there  was  no 
notable  flow  of  either  gas  or  oil  from  it.  The  rock  was  hard  and  drilled 
slowly.  The  Bryan  Company  is  to  be  congratulated,  if  for  nothing  else, 
on  having  finished  the  work  undertaken.  It  is  the  second  one  to  reach  the 
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goal  out  of  six  wellB  that  started  in  the  summer  of  1886  in  this  long 
and  expensive  search. 

The  statements  above  given  show  the  situation  at  Bryan  at  the 
close  of  1886.  Its  experience  in  the  search  for  gas  and  oil  which  was 
resumed  in  1887,  makes  a  long  and  interesting  supplement  to  the  orig- 
inal history. . 

Drilling  was  continued  in  the  first  well  for  seventeen  feet  below  the 
surface  of  the  Trenton  limestone,  where  the  tools  became  fast.  A  new 
contractor  was  set  to  work  in  February,  who  proceeded  to  cautiously 
drill  around  the  lost  tools.  This  he  succeeded  in  doing  by  the  16th  of 
the  month,  at  which  date  a  greater  depth  in  the  limestone  by  fifteen 
feet  was  reached  than  in  the  original  work.  At  this  point  a  vigorous 
vein  of  gas,  with  which  oil  was  associated  in  considerable  quantity,  was 
released.  The  column  of  oil  and  gas  was  thrown  above  the  derrick,  and 
in  default  of  tanks  the  oil  was  gathered  in  pools  around  the  well. 
During  the  first  day  the  well  produced  more  than  100  barrels  of  oil,  in 
the  judgment  of  the  experienced  operator  in  charge,  and  the  flow  of 
gas  could  not  have  been  less  than  several  hundred  thousand  feet  per 
day. 

These  facts  naturally  produced  great  excitement  throughout  the 
community.  They  underwent  the  usual  exaggeration  as  they  were  re- 
ported by  telegraph  and  in  the  newspapers.  The  spray  of  the  oil  was 
carried  by  the  wind  for  twenty  or  thirty  miles  into  the  country,  and  its 
penetrating  odor  was  the  first  announcement  to  half  the  country  that 
Bryan  had  "struck  oil." 

The  news  called  together  the  leading  oil  producers  of  the  Findlay 
and  Lima  fields,  but  by  the  time  they  had  reached  the  town  the  well 
had  lost  much  of  its  force  and  promise.  On  the  fourth  day  after  it  was 
struck  the  flow  of  oil  was  not  thought  to  exceed  thirty  barrels.  On 
the  sixth  day  it  had  fallen  to  ten  barrels,  and  in  a  little  more  than  a 
week  the  production  had  virtually  ceased.  The  flow  of  gas  continued 
in  some  force  for  a  few  days  longer,  but  it  also  grew  gradually  weaker, 
and  finally  disappeared.  After  an  interval  the  well  was  shot  with  nine 
quarts  of  nitro-glycerine,  the  object  being  to  loosen  the  tools.  The 
shot  was  not  successful  to  the  extent  of  allowing  the  tools  to  be  recov- 
ered, and  the  well  was  at  last  abandoned  after  nearly  or  quite  15,000 
had  been  spent  upon  it. 

The  facts  above  given  were  counted  by  the  people  of  the  town  and 
by  some  oil  producers  as  well,  encouraging  as  to  the  pressence  of  oil 
and  gas  in  paying  quantities  in  this  region,  and  two  other  wells  were 
at  once  projected. 
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Well  No.  2  was  located  2,000  feet  southwest  of  No.  1,  and  No.  3  one 
mile  south  of  No.  1. 

The  records  of  the  drillers  are  as  follows  : 

No.  2.  No.  8. 

Drift 146  feet  176  feet. 

Black  slate 114    "  88    " 

Limefltone 1,080    "  1,040    " 

Shales 648    "  636    " 

1,«88    "  1,939    " 

Trenton  limestone 47    "  85    " 

Depth  of  well 2,086    "  1,974    " 

Both  wells  were  completed  at  about  the  same  time,  viz.,  in  the  first 
half  of  July.  The  first  began  to  get  oil,  with  considerable  gas,  at  twenty- 
five  feet  in  the  Trenton.  At  forty-seven  feet  drilling  was  suspended  for 
the  reason  that  salt-water  was  struck  at  this  point.  The  well  filled  up 
1,500  feet  with  oil,  as  was  believed.  It  was  then  shot  with  sixty  quarts 
fo  nitro-glycerine,  by  which  the  gas  was  temporarily  increased.  The 
pump  was  set  to  work,  and  its  greatest  production  was  twenty  barrels 
on  July  20th.  By  the  next  day  only  half  of  this  amount  could  be  raised, 
and  well  No,  2  was  necessarily  abandoned. 

Well  No.  3  began  with  much  better  promise  than  either  of  the  wells 
previously  described.  It  produced  dry  gas,  the  pressure  of  which,  when 
closed,  rose  fifty  pounds  in  eight  minutes.  The  highest  pressure  re- 
corded was  155  pounds,  but  it  may  be  that  time  enough  was  not  allowed 
to  the  well  to  attain  its  maximum.  Trenton  limestone  gas  found  at 
this  depth  ought  to  have  a  very  high  ultimate  pressure.  In  the  course 
of  a  few  days  the  volume  was  found  to  be  sensibly  reduced,  and  when  the 
well  was  examined,  150  feet  of  water  was  found  in  it.  This  was  thought 
to  have  come  in  from  defective  casing.  The  water  was  bailed  out  and 
the  drill  set  to  work  to  deepen  the  hole.  The  descent  was  arrested  three 
feet  below  the  point  of  beginning  and  an  increased  flow  of  gas  was  for 
the  time  secured.  It  is  probable  that  at  a  little  greater  depth  oil  would 
have  been  found.    Prudence  required  the  work  to  stop  where  it  did. 

The  latest  fortunes  of  the  well  have  not  been  ascertained,  but  the 
history  given  above  leaves  little  room  for  doubt  or  uncertainty  as  to 
the  result. 

It  will  be  observed  that  the  last-named  well  found  the  gas-rock  at 
a  slightly  greater  elevation  than  either  of  its  predecessors,  the  surface 
of  the  ground  being  counted  of  the  same  elevation  throughout  the  dis- 
trict that  includes  the  wells.  This  small  excess  in  the  level  of  the  oil- 
rock  was  found,  as  it  has  so  often  before  been  found,  connected  with  the 
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presence  of  dry  gas  in  fair  yolume  for  a  little  time.  Bryan  itself  occu- 
pies a  slight  roll  or  dome  of  the  limestone,  as  can  be  seen  by  compar- 
ing the  elevations  of  the  Trenton  in  its  wells  and  in  the  Wauseon  well. 
Where  the  character  of  the  rock  is  such  as  to  make  it  a  reservoir  of 
gas,  oil  or  salt-water,  all  such  relief  in  its  surface  is  sure  to  be  effective 
in  the  way  of  petroliferous  accumulations.  The  structure  of  the  Bryan 
rock  is  highly  crystalline,  and  it  is  also  dolomitic  in  composition,  as  is 
seen  in  the  following  analysis :    {Clarke.) 

Carbonate  of  lime 49.00 

Carbonate  of  magnesia.. 88.59 

Alumina  and  oxide  of  iron.. 1.61 

Insoluble  matter.. 9.82 

Total 98.32 

The  only  defect  in  its  composition  is  its  rather  high  percentage  of 
impurities,  as  is  shown  in  the  9.22  per  cent,  of  insoluble  matter,  and 
this  may  be  an  accidental  proportion. 

The  failure  of  Bryan  apparently  results  from  the  deep  descent  of 
the  Trenton  limestone  and  not  from  its  lack  of  capacity  for  storing  oil 
or  gas.  It  is  interesting  to  note,  as  we  are  able  to  do  from  the  analysis 
here  given,  that  northwestward  from  Findlay  and  Lima  the  Trenton 
limestone  maintains  its  dolomitic  composition.  To  the  east  and  south 
from  the  same  district,  as  we  know,  its  character  is  so  far  changed  that 
it  ceases  to  deserve  the  name  of  an  oil-rock  as  it  is  followed  in  those 
directions. 

If  drilling  is  still  persisted  in  by  the  people  of  Bryan  and  vicinity, 
it  will  quite  likely  happen  that  some  larger  folds  will  be  discovered,  from 
which  a  remunerative  return  may  possibly  be  secured,  so  far  as  indi- 
vidual wells  are  concerned. 

Hicksviile. 

The  Hicksville  Oil  and  Gas  Company  was  organized  in  June,  1886, 
and  begun  work  forthwith.  This  well,  like  the  rest  in  this  corner  of 
the  state,  proved  a  great  disappointment,  both  to  company  and  con- 
tractors, by  reason  of  the  great  amount  of  upper  limestones,  bearing 
salt-water,  that  the  drill  was  obliged  to  traverse.  The  record  of  the  well 
shows  that  almost  the  entire  deposit  of  Ohio  shale  that  is  here  due  has 
been  removed  by  erosion.  The  record,  up  to  the  present  date,  is  as 
follows : 
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Drift laSfeet 

Black  slate 4    " 

Limeetones— Upper  Helderberg,  Lower  Helderberg  and  Niagara...    868    " 

Niagara  shale 18    " 

Clinton  limestone 62    " 

Medina  shale  at 1,060    " 

The  well  will  strike  the  Trenton  limestone  at  about  1,670  feet. 

Since  writing  the  above,  the  well  has  been  completed  and  the  Tren- 
ton was  found  at  1,684  feet.  The  drilling  was  continued  to  1,710  feet, 
where  oil  and  salt-water  were  struck.  The  well  filled  up  300  feet,  half  of 
which  was  counted  oil.    The  oil  has  a  gravity  of  36^  B. 

Defiance. 

This  enterprising  and  energetic  town  was  moved  early  in  1886  to 
test  its  fortune,  so  far  as  the  new  horizon  was  concerned,  fifty-six  parties 
putting  in  $50  each.  More  money  has  since  been  added  to  this  fund. 
The  contractor  who  first  undertook  the  work  abandoned  the  well  at  800 
feet.    The  record,  as  furnished  by  Hon.  Edward  Squire,  is  as  follows  : 

Drift 18  feet 

Black  shale 60  " 

Limestone  struck  at 78  '' 

Limestone,  blae,  at.... 80  " 

Hard  at 116  " 

Blaish  at 140  " 

Hard  rock  at.. 160  " 

Black  slate 160  " 

White  limestone 200  " 

Salphar  water,  strong  vein  at 180  " 

Limestone,  coarse  and  soft 228  *' 

Soapstone  at 270    " 

Banded  Waterlime  at 340  to    700  " 

Niagara,  crystalline  limestone  called  "  sand  "  at 700  *' 

Salphor  water,  strong  vein  at 720  " 

Niagara  limestone  ends  at 928  " 

Niagara  shale 928  to    980  " 

Clinton  limestone 980  to  1,040  « 

Medina  shale,  grayish  pebbles 1,040  to  1,062  '' 

The  shales  below  the  Medina  are  described  as  follows  by  Mr.  George 
W.  Doty^  who  completed  the  well : 

Blae  shale  from  1,120  to  1,240" 120  feet 

Black  shale 30  " 

Gray  limestone 80  " 

Black  shale,  very  soft 86  " 

Reddish  brown  shale,  sandy 80  *' 

Dark,  soft  shale 70  " 

Reddish  brown  shale 66  " 

Black  shale,  like  coal 10  " 
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Softired  shale «    180  feet. 

While  shale «      10    " 

Trenton  limestone  strack  at 1,670    " 

Hard  shell  at  10  feet  in  Trenton. 

Softer  rock  at  20       ''         " 

Oil  came  in  freely  at  24  feet  in  Trenton. 

Ban  another  bit  and  struck  salt-water  at 1,687  feet. 

Reduced  to  simpler  terms,  the  record  is  as  follows,  viz. : 

Drift 18  feet 

Ohio  shale 60  " 

Devonian  and  Upper  Silarian  limestones 850  " 

Niagara  shale 62  ** 

Clinton  limestone.. 60  ** 

Medina,  Hudson  River  and  Utica  shales.. 680  " 

Trenton  limestone,  struck  at 1,670  '' 

975  feet  below  tide. 

The  well  stood  several  days  before  being  torpedoed,  the  salt-water 
being  kept  down  by  bailing.  There  was  thought  to  be  400  feet  of  oil 
and  100  feet  of  salt-water  when  the  well  was  shot  with  sixty  quarts  of 
nitro-glycerine.  The  well  responded  favorably,  as  was  thought,  and 
quite  a  flow  of  gas  appeared  for  the  first  time.  The  well  remained  in 
this  condition  for  two  weeks  before  tubing  was  introduced  and  the  pump 
was  set  to  work.  The  well  yielded,  when  the  test  was  made,  little  but 
salt  water,  and  was  forthwith  abandoned.  The  Trenton  limestone  was 
found  about  975  feet  below  tide.    A  second  well  was  forthwith  projected. 

The  details  of  this  and  other  attempts  to  reach  the  new  fuel  at  this 
point  are  not  at  hand,  but  there  is  nothing  in  any  of  them  that  deserves 
special  mention.  The  public  spirit  of  the  town  was  fully  equal  to  the 
search,  but  it  could  not  secure  from  the  rocks  what  they  did  not  contain. 

Napoleon. 

Napoleon  has  had  an  unfortunate  experience.  A  natural  gas  and 
oil  company  was  formed  early  in  1886,  and  work  was  promptly  begun, 
but  the  drilling  tools  have  been  fast  in  the  well  a  good  deal  of  the  time, 
at  'one  or  another  point,  and  they  are  now  in  this  condition  at  the 
bottom  of  a  fifteen  hundred-foot  hole.  For  a  carefully  kept  record, 
verified  by  many  samples  of  drillings,  the  Survey  is  indebted  to  Dr.  T. 
C.  Hunter,  of  Napoleon.    This  record  is  as  follows : 


Drift  { 


Olay 40  feet.  \  ^  .  ^. 

Gravel 8    "    | ^  *«®^- 


ni.{^.i.«i^  /Black  shale 75    "    \  ,^ 

OhioBhale.|^,i^^rtyrock. 11    «    | " ^^ 

limestone 966 

Broken  at  715  feet  by  15  feet  of  black  shale  (Tymochtee), 
and  at  1,010  feet  hy  a  few  feet  of  Niagara  shale. 
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The  casing  is  set  at  1,164  feet  after  having  been  previously  set  at  a 
number  of  horizons  in  the  vain  hope  of  having  gotten  below  salt-water. 
The  drillers  are  now  engaged  in  an  effort  to  recover  the  tools.  If  they 
succeed,  the  well  will  probably  be  drilled  to  the  Trenton,  which  should 
be  struck  at  about  1,760  feet,  or  only  250  feet  deeper  than  the  well  now 
is.    The  Trenton  will  be  between  1,000  and  1,100  feet  below  tide. 

The  later  records  of  this  well  show  the  Niagara  shale  to  have  been 
25  feet,  the  Clinton  limestone  95  feet,  and  the  great  shale  series  below  it 
660  feet  in  thickness,  of  which  latter  division  360  feet  can  be  counted 
Hudson  River  and  300  feet  Utica  shale.  The  Trenton  was  struck  at 
1,780  feet,  but  it  was  hard  and  dry,  and  made  little  or  no  response.  At 
16  feet  in  the  rock  a  little  gas  was  reported,  and  at  83  feet  a  little  salt- 
water. The  well  was  continued  to  1,889  feet,  when  salt-water  was  re- 
ported. The  surface  of  the  Trenton  limestone  was  struck  at  1,114  feet 
below  sea-level. 

A  second  well  has  been  projected,  but  there  is  nothing  to  indicate 
any  yery  diflFerent  result  from  that  already  placed  upon  record. 

DeahUr. 

The  Deshler  Oil  and  Gas  Company  began  operations  in  the  summer 
of  1886.  A  portable  rig  and  a  set  of  light  tools  were  brought  on  the 
ground,  and  the  progress  has  been  very  slow.  The  drill  was  ill-adapted 
to  penetrate  600  to  6C0  feet  of  solid  limestone  in  a  wet  hole.  The  drift 
was  found  seventy- one  feet  thick.  The  limestone,  when  first  struck, 
was  broken  for  some  distance,  and  the  seams  were  opened,  evidently  by 
pre-glacial  erosion  and  exposure.  At  245  feet  the  limestone  became 
very  hard  and  close.  A  bed  of  dark  shale,  fifteen  feet  thick,  occurred 
below  this  level,  and  apparently  at  the  same  horizon  reported  in  the 
previous  record.  It  is  provisionally  identified  with  WinchelPs  Ty- 
mochtee  shale  of  the  Waterlime  or  Lower  Helderberg  series. 

The  well  was  at  last  completed  in  the  summer  of  1887.    Its  final 

record  is  as  follows : 

Drift « 71  feet. 

limestone 610  " 

Shale  (Niagara).. 6  " 

limestone  (Olmton).. 96  " 

Shalee.. 700  *• 

Trenton  found  at 1,486  '* 

WeU  finished  at 1,600  " 

Trenton  limestone,  766  feet  below  tide. 

At  the  summit  of  the  Trenton  an  insignificant  amount  of  gas  was 
found,  but  the  rock  was  close  and  stubborn  and  dry  as  far  as  it  was 
proved. 
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Reviewing  briefly  the  record  of  the  wells  of  this  corner  of  the  state, 
the  following  facts  appear :  In  Delta,  the  limestone  series  is  1,132  feet 
thick  (this  measure  may  be  in  excess  somewhat);  in  Wauseon  about 
1,140 feet;  in  Defiance,  960 feet;  in  Napoleon,  966  feet;  in  Hicksville, 
929  feet ;  in  Bryan,  1,009  ft.  The  thickness  of  the  lower  shales  in  the 
wells  which  have  completed  their  records  are  as  follows :  Defiance,  610 
feet ;  Bryan,  665  feet ;  Wauseon,  about  645  feet ;  Napoleon,  660  feet ; 
Hicksville,  624  feet.  This  has  proved  disastrous  ground  for  contrac- 
tors.   Not  a  well  has  thus  far  been  finished  by  the  parties  that  begun  it. 

Paulding  county  has  recently  completed  a  well,  but  all  that  is 
known  of  it  is,  that  it  is  reported  a  failure. 


Th;::  Tbbnton  Limestone,  as  found  to  the  South  of  Lima. 

The  counties  of  central,  or  southwestern  Ohio,  in  which  drilling 
has  been  done  in  the  attempt  to  reach  Lima  oil  or  Findlay  gas,  will 
next  be  taken  up. 

Auglaize  County. 

Wapakoneta. 
Wapakoneta,  as  was  proper,  made  the  first  test  for  Auglaize  county, 
beginning  in  the  fall  of  1885.  Great  delays  were  experienced,  however, 
in  getting  the  well  down  to  the  Trenton,  owing  to  the  difficulty  of  pierc- 
ing  through  the  heavy  drift  deposits  by  which  the  central  regions  of 
the  county  are  covered.  Two  attempts  to  drive  eight-inch  pipe  to  the 
rock  failed,  but  the  third  was  successful.  In  the  first  well,  the  pipe  was 
driven  153  feet,  where  a  boulder  was  reached  that  formed  an  impassable 
obstacle.  The  next  attempt  was  made  at  a  small  remove  from  the  first 
location,  but  with  almost  identical  results.  The  third  location  was  a 
half-mile  removed  from  the  first.  Here  the  drift  was  found  96  feet 
thick.  The  upper  limestones  were  192  feet  thick.  The  Medina  was 
found  as  red  rock,  ten  or  fifteen  feet  thick,  and  the  Trenton  was  struck  at 
1,235  feet,  or  348  feet  below  tide.  The  drilling  was  continued  to  1,600 
feet,  no  oil  or  gas  being  found  in  quantity  in  any  part  of  the  series  trav- 
ersed. Salt-water. came  in  at  the  bottom  and  ended  the  fruitless  search. 
A  second  well  was  afterward  drilled  by  the  energetic  citizens  of  Wapa- 
koneta, which  repeated  the  history  of  the  first. 

St.  Mary's. 

The  next  well  to  be  drilled  in  the  county  was  one  at  St.  Mary's. 
This  town  is  located  on  the  Lake  Erie  and  Western  Railway,  and  is  on 
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the  northeast  line  that  connects  Findlay  and  Lima,  On  this  last-named 
fact,  great  expectations  have  been  based.  A  company  was  organized 
early  in  1886  with  one  hundred  stockholders.  The  shares  were  $20,  and 
were  mainly  held  singly.  Drilling  was  begun  by  Coe  and  Baughman, 
contractors,  May  4,  and  the  well  was  completed  July  24.  The  well*head 
is  883  feet  above  tide,  and  the  surface  of  the  Trenton,  313  feet  below. 
The  drillers'  record  is  as  follows  : 

Drift 121  feet 

Upper  limestones 194    ** 

Shales 880    " 

Trenton  struck  at 1,196    ** 

The  well  was  cased  at 810    " 

The  Trenton  was  found  hard  and  dry  when  struck.  Under  a  cap  of 
one  and  a  half  feet  a  flow  of  gas  was  reached,  which  was  presently  fol- 
lowed by  oil.  The  gas  was  in  force  enough  to  lift  the  oil.  A  production 
of  several  barrels  per  day  was  delivered  from  the  well,  with  some  salt- 
water. On  August  5th  the  gas  escaping  from  the  separator  was  meas- 
ured, and  the  volume  was  found  to  be  58,080  cubic  feet  per  day.  This 
does  not,  however,  indicate  the  entire  gas-flow  of  the  well.  The  total 
amount  produced  would  not  fall  below  65,000,  or  70,000  cubic  feet  per 
day.  The  well  was  torpedoed  in  October  with  forty  quarts  of  nitro- 
glycerine, and  the  flow  of  gas  was  estimated  to  be  increased  200  per  cent, 
by  the  operation.  The  oil  has  a  gravity  of  38^  B.  These  facts,  viz.,  that 
oil  was  produced  by  the  well,  accompanied  by  gas  enough  to  lift  it,  had 
their  natural  effect  on  the  oil-producers  of  the  new  field,  and  land  has 
been  largely  leased,  in  consequence,  for  drilling  purposes. 

A  second  well,  known  as  the  Hopkins  well,  was  brought  in  on  Octo- 
ber 9th.  It  was  drilled  to  1,280  feet,  and  in  less  than  five  hours  filled 
up  to  within  twenty  feet  of  the  surface  with  salt-water,  without  either 
oil  or  gas. 

A  third  well,  known  as  Hopkins  and  Gordon's  well,  on  the  Graybill 
farm,  was  brought  in,  November  24.  It  found  the  Trenton  at  1,132  feet. 
At  ten  inches  in  the  rock,  oil  appeared.  The  drilling  was  continued  for 
eight  feet  into  the  Trenton,  and  at  the  end  of  two  hours  500  feet  of  oil 
were  reported.  The  well  was  subsequently  tubed  and  packed,  and  is 
reported  as  pumping  fifty  barrels  per  day.  The  record  of  this  well  is  as 
follows : 

Drift 110  feet 

Upper  limestone 176    ** 

Shale 877    " 

Trenton  limestone  found  at 1,163    " 

Present  depth  of  the  well 1,171    " 
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The  well  is  located  one  mile  south  of  the  town,  and  one  mile  south- 
west of  the  Citizens'  well,  or  No.  1. 

The  success  of  the  Graybill  well  will  direct  a  large  amount  of  atten- 
tion to  this  field,  and  development  will  henceforth  go  forward  rapidly. 
Pecember,  1886.) 

By  far  the  most  important  facts  pertaining  to  the  St.  Mary's  field 
remain  to  be  told.  There  has  been  developed  here,  during  the  first  half 
of  1887,  a  gas-field  of  great  present  and  prospective  value.  Further  ex- 
plorations have  shown  a  considerable  ascent  of  the  Trenton  limestone 
from  the  neighborhood  of  the  village  to  the  southward,  and  in  these 
higher  levels  large  accumulations  of  dry  gas  have  been  found. 

The  beginning  of  the  later  phases  of  this  history  goes  back  to  the 
bringing  in  of  a  fine  well  by  Gray  Brothers  and  Scudder,  on  the  Wm. 
Axe  farm,  N.  W.  i  section  30,  on  March  28,  1887.  The  elevation  of  the 
well-head  is  approximately  900  feet  above  tide.  The  Trenton  lime- 
stone was  struck  at  1,138  feet  below  the  surface,  or  238  feet  below  tide. 
The  drill  rested  at  nineteen  feet  in  the  Trenton,  where  a  natural  flow 
of  excellent  volume  was  obtained.  Measured  on  April  14th,  at  the 
casing,  through  a  two-inch  opening,  an  open  pressure  of  six  and  one- 
half  pounds  was  obtained.  This  stands  for  a  daily  production  of 
2,042,864  cubic  feet  per  day.  The  temperature  of  the  escaping  gas  was 
61**  P. 

Valuable  observations  were  made  on  this  well  as  to  measurements 
at  the  end  of  long  pipes  led  out  from  the  casing.  The  result  of  these 
observations  is  to  discredit  such  measurements  so  far  as  their  compara- 
bility with  measurements  at  the  well-heads  is  concerned.  The  friction 
of  the  pipes  introduces  new  elements  which  cannot  be  left  out  of  account 
in  the  calculation.  These  facts  are  perfectly  understood  by  gas  en- 
gineers, and  this  statement  is  necessary  only  because  figures  of  produc- 
tion are  current  which  are  based  on  observations  taken  from  one,  two 
or  three  pipes  at  considerable  distances  from  the  well-heads.  These 
measurements  can  be  compared  with  others  of  like  conditions  fairly 
enough,  but  not  with  measurements  made  nearer  the  unobstructed  flow 
of  the  gas. 

This  well  was  allowed  to  burn  in  the  air  for  at  least  four  months, 
and  in  that  time  it  depleted  the  field  to  the  extent  of  250,000,000 
cubic  feet  of  gas.  It  has  recently  been  purchased  by  the  Lima  Natural 
Gas  Company,  and  is  to  be  used  in  the  supply  of  its  lines. 

The  Watkins  well,  drilled  and  owned  by  the  Lima  Drilling  Com- 
pany, is  situated  two  and  seven-eighths  miles  east  of  St.  Mary's.  It  is 
good  for  nearly  2,000,000  feet  per  day.    From  this  well  gas  was  first  car- 


PETBOLEUM    AND    NATUBAL  GAB.  267 

ried  tQ  St.  Mary's.    When  turned  into  the  pipe  it  traversed  the  interval 
of  two  and  seven-eighths  miles  in  three  and  one-fourth  minutes. 

The  Kellermeyer  well,  located  in  section  22,  was  drilled  in  soon 
after  the  Axe  well.  It  is  said  to  have  reached  the  Trenton  limestone 
at  1,092  feet.  It  is  a  valuable  well,  but  is  reported  as  somewhat 
smaller  than  the  Axe  well,  previously  described. 

In  August,  1887,  the  Haas  well,  located  a  half-m  Je  east  of  St.  Mary's, 
was  finished,  and  it  proved  to  be  a  valuable  gas-well.  The  Trenton 
limestone  was  about  270  feet  below  tide  in  this  well.  Several  other  wells 
of  similar  production  have  been  added  to  those  already  named. 

I'he  closed  pressure  of  these  wells  is  less  than  in  the  Findlay 
field,  corresponding  to  the  shorter  column  of  water  to  which  the  pressure 
is  to  be  referred.  It  ranges  at  about  360  pounds  to  the  square  inch. 
In  the  St.  Mary's  wells  the  gas-rock  is  about  fifty  or  seventy-five  feet 
higher  in  absolute  level  than  the  gas-rock  at  Findlay. 

The  gas-rock  has  not  been  analyzed,  but  its  appearance  makes  it 
safe  to  say  that  it  is  a  true  dolomite. 

Numerous  failures  have  occurred  in  the  vicinity,  some  wells  being 
entirely  dry,  and  others  filling  rapidly  with  salt-water  when  the  oil- 
rock  is  reached.  The  salt  water  level  appears  to  be  about  326  feet  below 
tide  in  this  field. 

The  productive  belt  of  the  western  portion  of  the  township  extends 
into  Mercer  county,  and  its  development  will  be  further  described  under 
the  account  to  be  given  of  that  county. 

The  village  of  St.  Mary's  is  sure  to  avail  itself  of  the  great  advan- 
tages to  be  derived  from  so  large  and  promising  a  supply  of  fuel  at  its 
own  doors.    Various  manufactures  are  to  be  established  here  forthwith. 

As  an  oil-field,  St.  Mary's  township  afibrds  much  less  promise.  Still 
a  number  of  wells  have  proved  fair  producers.  A  well  on  the  War- 
rington farm,  N.  E.  corner  section  11,  flowed  100  barrels  per  day  when 
first  struck. 

The  two  townships  of  Duchouquet  and  St.  Mary's  appear  thus 
far  to  exhaust  the  possibilities  of  oil  and  gas  supply  for  Auglaize 
county.  German  and  Jackson  townships  have  made  repeated  trials  at 
the  villages  of  New  Bremen  and  Minster,  but  all  these  trials  have 
proved  failures.  There  are  unusual  accumulations  of  drift  in  these 
townships,  which  make  the  territory  very  dangerous  for  contractors. 
Long  lines  of  drive  pipe  are  required  in  any  case,  and  there  is  always 
the  liability  to  lose  both  labor  and  pipe  after  a  great  deal  of  work  has 
been  done.  At  New  Bremen  the  Trenton  Bock  Oil  Company  found  the 
drift  428  feet  thick. 
17  G. 
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Just  north  of  the  county  line,  on  the  line  of  the  canal,  recent  drill- 
ing has  proved  the  presence  of  gas  and  oil  in  valuable  quantity.  In 
the  vicinity  of  Spencerville  the  Trenton  limestone  has  been  reached  at 
a  depth  of  330  feet  below  tide,  and  gas  enough  to  supply  the  town  is 
reported  from  a  single  well. 

For  the  facts  pertaining  to  this  field,  the  Survey  is  greatly  indebted 
to  Hon.  L.  C.  Sawyer,  of  St.  Mary's. 

Ducfumqua  Township. 

This  township  has,  for  some  time,  been  recognized  as  probably  be- 
longing to  the  Lima  field.  Little  by  little  the  driller  has  advanced  his 
outposts,  through  Perry  and  Shawnee  townships,  finding  wells  of  large 
yield  in  a  scarcely  broken  series,  until,  at  length,  the  county  lines  were 
passed.  Two  wells  were  drilled  in  October  and  November,  1886,  one  to 
the  east  and  the  other  to  the  west  of  Cridersville.  The  first,  or  Sellers' 
well,  came  in  on  October  3l8t,  and  proved  to  be  a  productive  well.  The 
well  of  Cobb,  Page  &  Co.,  to  the  west  of  Cridersville,  found  ^n  excessive 
thickness  of  drift  deposits.  Drive-pipe  was  required  for  nearly  300  feet. 
This  well,  also,  is  productive. 

A  second  well,  drilled  on  the  Layton  farm  near  Uniopolis,  in  Union 
township,  does  not  give  as  good  promise  in  that  direction.  It  was 
drilled  twenty  feet  into  the  Trenton  on  October  30th,  and  made  but  a 
small  showing.  Deeper  drilling  and  torpedoing  worked  no  improve- 
ment, and  the  well  was  forthwith  abandoned.    (November,  1886.) 

The  leading  facts  as  to  the  oil  production  of  Duchouquet  township 
have  been  given  in  connection  with  the  history  of  the  Lima  field  on  a 
preceding  page.  This  territory  is  recognized  as  equal  in  value  to  any 
part  of  this  particular  field. 

Mbbger  County. 

Celina. 

Three  wells  have  been  drilled  in  Mercer  county  up  to  the  present 
date,  two  in  Celina,  the  county  seat,  and  one  at  St.  Henry's,  near  the 
south  line  of  the  county.  Drilling  was  begun  in  Celina  in  the  spring 
of  1886,  and  the  first  well  was  completed  in  June.  An  unusually  valu- 
able set  of  drillings  was  saved  by  Mr.  Jacob  Lauser,  who  was  a  member 
of  the  company  engaged  in  drilling.  The  duplicates  furnished  by  him 
made  it  possible  to  make  a  clear  and  sharp  division  of  the  driller's 
record 
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Drift 70  feet 

'  TellowiBh  limestone 20  ft.  1 

1V4.».»«  ii*«n^fy^««A     White  limestone,  called  marble.....  66  ft  I  too  n 

Niagara  limestone  ■   D^ab  limestone  ,. 9  ft.  f  ^^^ 

.  Limestone,  various  aiiades  of  color  41  ft  J 

Niagara  shale ^ 16  " 

Clinton  limestone 48  " 

Medina  shale,  called  rotten  sandstone 20  '* 

Hudson  Biver  shale 480  " 

Utica  shale 810  " 

Trenton  limestone  struck  at 1,110  ** 

Or  236  feet  below  tide. 

Well  drilled  to - 1,168  " 

The  well  was  dry.  There  was  but  a  small  show  of  oil,  and  the  gas 
was  in  very  small  amount.  The  elevation  of  the  well-head  is  approxi- 
mately 875  feet  above  tide.    The  Trenton  is  found  285  feet  below  tide. 

Notwithstanding  this  failure,  a  second  well,  which  had  been  already 
projected,  was  pushed  forward  in  another  portion  of  the  town.  In  the 
course  of  the  drilling,  a  pocket  of  gas  was  found  in  the  Hudson  Biver 
shale  at  the  usual  horizon,  which  blew  vigorously  for  a  few  hours,  long 
enough  to  awaken  great  expectations,  but  which,  like  all  these  shale  sup- 
plies, proved  very  short-lived  and  entirely  without  value.  The  Tren- 
tonjgave  no  promise  whatever,  when  it  was  reached.     (October,  1886.) 


Wells  drilled  to  the  south  and  east  of  Celina  within  the  county 
limits  have  been  successful  in  reaching  very  valuable  accumulations  of 
gas.  A  group  of  wells  in  the  extreme  eastern  portion  of  the  county 
must  first  be  mentioned.  The  leading  well  in  this  series  is  one  drilled 
in  May,  1887,  by  the  Trenton  Rock  Oil  Company,  on  the  Doenzes  farm, 
section  24,  Franklin  township.    Its  record  is  as  follows,  viz. : 

Drift.. '. 110  feet. 

Upper  limestones.. 160    " 

(Cased  at  276  feet.) 

Shales.. 880    " 

Trenton  limestone  struck  at. 1,182    " 

Well  finished  at 1,147J  " 

The  gas  came  in  gradually  at  first,  but  one-half  of  the  final  supply 
was  gained  in  the  descent  of  a  single  foot. 

In  the  upper  limestones  an  extremely  large  vein  of  water  was 
found,  which  flowed  out  over  the  surface  of  the  country  in  a  powerful 
current.  It  proved,  after  a  little  time,  a  source  of  unexpected  danger 
to  the  country,  from  the  reason  that  it  tended  to  unwater  the  entire 
district,  and  thus  to  cut  off  the  supply  of  fountains  and  wells  on  which 
the  farmers  had  hitherto  been  able  to  depend.    The  oil  and  gas  compa- 


260  OBOIXXIT  OF  OHIO. 

nies  hATO  ibns  far  failed  to  Appreciate  the  great  importance  of  this 
•abject,  but  their  drilling  rights  will  scarcely  be  held  to  cover  the  im- 
portant factor  of  water  snpply  for  entire  sections  and  townships,  and 
especially  the  supply  of  parties  who  have  had  no  dealings  with  the 
drilling  companies.  These  great  veins  of  water  should  by  all  means  be 
confined  in  the  rocks  in  which  they  are  found,  except  as  they  may  be 
required  for  use. 

The  Doenzes  well  is  much  the  strongest  that  has  thus  far  been 
drilled  in  this  district.  It  showed,  on  May  31st,  an  open  pressure  of 
one-half  pound  in  the  casing,  which  stands  for  a  daily  production  of 
4,625,000  cubic  feet  per  day.  Two  other  wells  in  the  immediate  neigh- 
borhood are  also  reported  as  vigorous  and  the  Axe  well  of  Auglaize 
county  is  but  a  half-mile  removed.  This  field  is  therefore  to  be  counted 
of  much  promise.  It  is  from  these  and  nearer  wells  that  Lima  is  to  be 
supplied  with  natural  gas  during  she  present  season. 

Several  other  wells  have  been  recently  drilled  to  the  south  of  Gelina, 
which  are  reported  as  moderately  productive  of  dry  gas. 

8t,  Henry, 

An  important  well  was  completed  early  in  November,  1886,  about 
ten  miles  south  of  Gelina,  near  the  station  St.  Henry,  on  the  C.V.W.&M. 
read,  by  Hon.  Dennis  Dwyer  and  other  parties  of  Dayton.  The  well  is 
located  on  the  northwest  corner  of  fractional  Section  28,  Granville  town- 
ship, on  land  belonging  to  Judge  Dwyer.  The  tract  in  which  it  stands 
is  a  part  of  the  so-called  "Cranberry  Marsh."  The  elevation  is  estimated 
at  950  feet  above  tide.  The  record,  as  furnished  by  Judge  Dwyer,  is  as 
follows  : 

Drift., 187  feet. 

Upper  limestone 110    " 

Shales. 869    " 

Trenton  at 1,166    " 

Or  200  feet  below  tide. 

The  well  wss  drilled  to 1,188    " 

Oas  was  struok  at  six  and  one-half  feet  in  the  Trenton,  the  rock 
being  dark*gray  in  color  and  porous  in  structure.  No  increase  was  noted 
for  twenty  feet.  The  well  was  then  torpedoed,  and  the  result  was  a  very 
vigorous  gas- well.  A  small  amount  of  oil  comes  with  the  gas.  This  well 
was  located  and  started  by  Judge  Dwyer  on  the  45^  line,  or  at  least  on 
the  extension  of  the  line  joining  Fremont,  Fostoria,  Findlay,  Lima  and 
St.  Mary's.  Seeing  in  a  geological  discussion  of  the  new  field  some  reflec- 
tions directed  against  the  reality  of  such  structural  lines  as  affecting 
gas  and  oil  production  in  northwestern  Ohio,  Judge  Dwyer  determined 
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to  make  the  test  on  his  own  property,  which  chanced  to  lie  in  the  exten- 
sion of  this  favorite  direction.  The  success  of  the  well  was  certainly 
unexpected,  from  the  fact  that  dry  holes  had  been  put  down  all  around 
it,  at  Union  City,  at  Greenville,  at  Celina.  The  46®  line  will  be  likely 
to  receive  new  confirmation  from  this  fortunate  discovery,  for  in  such 
fields  only  the  successes  are  counted.  The  failures  are  soon  forgotten 
or  for  them  an  adequate  explanation  is  found. 

This  well  was  measured  under  rather  unsatisfactory  conditions, 
March  1, 1887.  Access  to  the  well  was  obtained  through  a  two-inch  pipe 
near  the  casing,  but  there  was  a  back  presure  of  fifteen  pounds  on  the 
well,  which  could  not  be  reduced  with  an  opening  of  this  size.  The 
yield  of  the  well,  as  thus  found,  was  2,635,200  cubic  feet  per  day  (at  a  tem- 
perature of  35®  F.) 

The  closed  pressure  is  said  to  be  between  850  and  375  pounds  per 
square  inch. 

This  is  manifestly  a  very  important  and  promising  addition  to  the 
gas  resources  of  western  Ohio, 

Most  of  the  permanent  flow  followed  the  effect  of  the  torpedo.  Before 
the  well  was  "  shot,"  the  yield  was  insignificant. 

A  second  well  was  forthwith  begun  by  the  same  parties  one  mile 
south  of  the  first  location.  It  was  brought  in  early  in  1887.  Its  record 
is  as  follows : 

Drift.. 184  feet. 

Upper  limeBtone 1 187  " 

Shales 819  " 

Trenton  limestones  at 1,140  " 

First  gas  at. 1,U7  " 

Second  ^ssat.. .' 1,154  ** 

Well  finished  at 1,160  " 

Level  of  Trenton  limestone,  200  feet  below  tide. 

The  initial  flow  of  gas  was  much  stronger  than  in  well  No.  1,  and  a 
corresponding  advantage  was  looked  for  from  the  effect  of  the  torpedo. 

The  daily  volume  of  the  well  before  shooting  was  found  to  be  578,880 
cubic  feet.  When  closed  the  pressure  rose  to  ninety  pounds  in  two  and 
one-half  minutes.  The  torpedoing  was  done  with  sixty  quarts  of  nitro- 
glycerine, and  the  shot  was  successful  in  every  respect,  except  in  in- 
creasing production.  Measured  a  short  time  after  the  explosion,  the 
volume  of  the  gas  was  found  to  be  1,117,800  cubic  feet  per  day,  or  not 
quite  twice  the  original  volume.  This  was  a  disappointment  to  the 
company,  but  the  well  was  still  one  of  considerable  value. 

A  very  interesting  addition  was  made  to  our  knowledge  of  the  com- 
position of  the  Trenton  limestone  by  this  well.    The  fragments  thrown 
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out  of  it  by  the  effects  of  the  shot  were  observed  to  be  quite  different  in 
general  appearance  from  the  ordinary  productive  gas-rock  of  the  field. 
The  limestone  was  quite  white  and  was  highly  fossiliferous,  containing 
in  identifiable  state  the  characteristic  fossils  of  this  geological  period. 
Submitted  to  analysis,  it  yielded  the  following  results :  {Eduoard 
Orton^  Jr.) 

Carbonate  of  lime 93.64 

Carbonate  of  magnesia 6.87 

Insoluble  matter 1.27 

Total ; «    98.78 

The  explanation  of  the  falling  off  in  the  production  of  well  No.  2 
from  what  seemed  a  reasonable  expectation  in  regard  to  it  was  now 
made  apparent.  Its  gas-rock  is  not  of  the  largely  productive  type. 
This  latter  phase,  as  will  be  remembered,  is  always  a  dolomitic  lime- 
stone with  but  little  foreign  matter. 

The  purity  of  this  limestone  will,  however,  be  observed.  In  this 
respect  it  meets  all  the  demands  of  a  reservoir  rock,  the  silicious  residue 
being  only  1.27  per  cent.,  but  instead  of  being  a  pure  dolomite  it  is  a 
pure  limestone. 

It  is  to  be  regretted  that  the  failure  to  provide  for  chemical  work 
under  the  Survey  for  1887  has  rendered  it  impossible  to  follow  up  as 
thoroughly  as  is  to  be  desired  the  interesting  and  important  questions 
that  this  anomalous  and  unexpected  result  has  raised. 

The  gas-rock  of  the  first  well  is  presumably  of  the  dolomitic  type. 
Its  appearance,  at  least,  would  place  it  in  this  category.  The  Trenton 
limestone  of  the  second  well  represents  a  type  that  is  found  scattered 
throughout  the  entire  field.  It  occurs  in  City  well,  No.  3,  on  the  east 
side  of  Findlay,  in  the  Carey  wells,  and  also  in  the  Dunkirk  well.  It 
is  nowhere  largely  productive.  It  seems  to  represent  portions  of  the 
original  sheet  that  have  escaped  dolomitization,  and  it  may  well  be  that 
the  altered  rock  is  in  close  proximity  to  it. 

The  important  conclusion  announced  on  a  preceding  page,  that  all 
large  storage  of  gas  and  oil  in  the  Trenton  limestone  is  confined  to  its 
dolomitic  phases,  is  not  only  not  vitiated  by  the  unexpected  composi- 
tion of  the  gas-rock  of  well  No.  2,  but  it  rather  receives  striking  confir- 
mation from  it. 

Several  other  wells  have  been  drilled  in  this  vicinity  of  which  good 
accounts  are  given.  The  territory  bids  fair  to  support  numerous  wells 
of  2,000,000  to  5,000,000  cubic  feet  capacity,  and  with  a  closed  pressure 
of  about  350  pounds  to  the  square  inch. 
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Fort  Recovery. 

From  the  extreme  western  side  of  Mercer  couaty  an  unexpected 
addition  is  made  to  our  knowledge  of  natural  gas  from  the  new  horizons 
of  northwestern  Ohio.  A  well  was  drilled  in  the  spring  of  1887  at 
Fort  Recovery^  the  history  of  which  deserves  special  mention.  The 
earliest  record  is  as  follows,  viz. : 

Drift -  146  feet 

Upper  limeBtones 76     ** 

Shale ; 186     " 

limeBtone  aad  shale.. 110     " 

Drilling  was  suspended  at  this  point,  not  from  choice  but  from  ne- 
cessity. Gas  began  to  appear  at  410  feet.  It  constantly  increased  as 
the  drill  descended  until  a  depth  of  490  feet  was  reached.  A  bed  of  fossil- 
iferous  limestone  was  struck  at  this  level,  which  continued  for  30  feet. 
The  rock  was  almost  entirely  made  up  of  the  well-known  and  widely 
distributed  shell,  Orthis  testvdinaria.  The  stratum  could  be  paralleled 
in  hundreds  of  outcrops  in  southwestern  Ohio.  From  this  apparently 
unpromising  source,  such  a  flood  of  gas  poured  forth  that  it  became 
impossible  to  continue  the  drilling.  Water  could  not  be  poured  into 
the  well  because  of  the  force  of  the  gas  and  the  fragments  of  the  brittle 
rock,  broken  by  the  tools,  which  were  sent  out  in  a  storm  that  the 
driller  could  not  endure.  The  supply  was  recognized  as  shale-gas^  and 
its  continuance  was  discounted  for  this  reason.  After  two  weeks,  how- 
ever, in  which  no  diminution  of  the  flow  was  perceptible,  the  volume 
was  measured  from  a  two-inch  plug  at  the  well-head.  The  average 
open  pressure  was  found  to  be  five  and  one-half  pounds,  and  the  daily 
yield  was  accordingly  1,814,400  cubic  feet. 

The  gas  was  turned  at  once  to  some  small  account  in  the  lighting 
of  the  town,  but  no  attempt  was  made  to  guard  or  prolong  the  flow.  If 
the  gas  were  derived  from  a  "pocket,"  it  was  deemed  best  to  learn  the 
fact. 

In  the  course  of  a  few  weeks  the  pressure  began  to  abate,  and  by 
mid-summer  it  had  run  down  to  zero.  It  can  scarcely  be  doubted  that 
the  well  furnished  at  least  75,000,000  cubic  feet  of  gas  in  its  brief  career, 
enough,  if  properly  husbanded,  to  serve  the  town  for  a  number  of  years. 
It  was  found  possible  to  get  rid  of  it  in  three  months. 

When  the  pressure  had  abated,  the  well  was  deepened  to  the  Tren- 
ton limestone,  which  was  reached  at  a  depth  of  1,052  feet. 

The  experience  of  the  field  hitherto  seemed  to  warrant  the  expecta- 
tion that  the  main  gas  horizon  would  in  this  case  prove  prolific  when 
found.    Such  was  not  the  case,  however,  and  the  well  was  a  failure. 
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A  second  well  drilled  north  of  the  town  also  obtained  a  great  supply 
of  shale-gas,  though  not  equal  to  the  flow  of  No.  1,  but  here  again  the 
Trenton  limestone  proved  unproductive,  and  a  second  failure  in  the  field 
was  registered.  A  third  failure  followed,  the  last  well  being  located  south 
of  the  town,  and  despite  the  brilliant  promise  of  the  opening  chapter, 
the  community  is  left  without  any  better  hold  upon  the  new  fuel  than 
its  proximity  to  the  eastern  and  central  wells  of  the  county  can  give. 

This  experience  seems  to  thoroughly  discredit  shale-gaa.  A  better 
display  of  this  product  than  the  initial  flow  of  No.  1  could  not  well  be 
asked,  and  yet  the  two  million  feet  of  its  daily  yield  have  "  gone  glim- 
mering'' before  a  fourth  of  a  year  has  passed. 

The  connection  between  gas  in  the  shales  and  gas  in  the  Trenton 
limestone,  which  the  experience  of  Findlay  seemed  to  establish,  is  proved 
to  be  illusory  here.  In  fact,  the  experience  of  Fort  Recovery,  though  un- 
fortunate for  its  people,  is  replete  with  practical  and  scientific  interest, 
and  deserves  to  be  carefully  considered  in  the  future  sear-ch  for  gas  in 
northwestern  Ohio. 

Shblby  County. 

Sidney. 

Sidney,  the  thriving  county-seat  of  Shelby  county,  has  made  an 
energetic  and  thorough  search  for  Findlay  gas  within  her  town  limits. 
Three  deep  wells  have  been  drilled  within  or  near  the  corporation  lines. 
All  of  the  deep  drilling  of  the  county  has  been  done  at  this  point.  The 
first  well  was  sunk  by  an  association  of  116  citizens  combined  under  the 
name  of  The  Enterprise  Gas  and  Oil  Company.  The  well  was  located 
at  the  southern  extremity  of  the  town.  The  drilling  was  carried  on  in 
the  fall  and  winter  of  1885.  The  Trenton  wis  found  at  the  depth  of 
1,205  feet,  or  269  feet  below  tide.  In  it  neither  oil  nor  gas  was  found. 
It  proved  as  dry  and  close  as  it  ever  occurs.  The  Hudson  River  series, 
however,  yielded  gas  in  considerable  quantity  at  a  number  of  horizons, 
but  especially  at  700  feet.  At  this  point,  as  will  be  remembered,  there 
is  more  or  less  accumulation  generally  found.  This  gas  was  struck 
December  8th,  1885,  and  very  sanguine  expectations  were  based  on  its 
vigorous  flow.  The  gas  from  this  horizon  contains  a  much  larger  per- 
'Centage  of  sulphuretted  hydrogen  than  the  gas  derived  from  the  Tren- 
ton limestone,  and  is  correspondingly  offensive.  The  well  also  yields 
sulphur-water  in  great  strength  and  large  volume  from  the  upper  lime- 
stones. The  well  maintained  a  feeble  flow  of  shale-gas  for  several  weeks 
and  even  months,  but  the  quantity  was  insignificant. 

A  second  well  was  drilled  by  the  Miami  Valley  Oil  and  Gas  Com- 
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pany,  a  corporation  formed  for  this  jpiirpo&e,  and  coneisting  of  fourteen 
person B.  The  well  was  located  east  of  the  business  center  of  the  town 
in  the  valley  of  the  Miami  River.  It  was  begun  on  January  14th,  and 
reached  the  Trenton  on  February  30th,  at  a  depth  of  1,205  feet.  The 
Trenton  yielded  a  little  oil  in  its  upper  beds,  and  the  well  was  carried 
farther  in  the  search  for  more,  being  finished  at  1,445  feet,  where  salt- 
water was  reached  in  quantity.  The  well  was  cased  at  260  feet.  The 
Medina  shale  occurred  in  characteristic  color  here,  but  it  was  quite  thin. 
The  experience  of  the  first  well  was  repeated  in  this  in  almost  all  par- 
ticulars, but  a  more  vigorous  and  long-lived  supply  of  shale-gas  was 
found  in  this  well  than  in  the  first.  The  gas  horizons  were  as  follows :  at 
475,  576,  650  and  720  feet,  the  last  being  decidedly  the  strongest.  The 
gas  from  the  well  was  measured  April  21,  1886,  and  the  yield  was  found 
to  be  39,744  cubic  feet  per  day.  "  The  well  maintained  itself  fairly  until 
the  great  storms  of  May,  1886,  when  it  seems  to  have  been  overcome 
with  the  floods  that  fell  and  filled  the  ground.  Its  ^ield  was  perma- 
nently arrested  at  that  time.  The  Trenton  in  this  well  is  267  feet 
below  tide. 

A  third  well  was  determined  on  by  this  ambitious  and  persevering 
town.  The  Sidney  Gas  and  Oil  Company  located  a  well  in  the  northern 
part  of  the  town,  and  made  another  test  of  the  Trenton  in  the  summer 
of  1886.  This  company  found,  to  its  surprise,  ninety  feet  of  drift,  show- 
ing an  unexpected  channel  under  the  high  ground  on  the  northwest 
side  of  the  town.  Nothing  more  came  from  this  than  from  the  previous 
wells.  An  admirable  set  of  samples  of  drillings  was  kept  by  the  sec- 
ond company,  and  was  by  them  kindly  shared  with  the  Survey.  The 
record,  as  deduced  from  these  drillings,  is  as  follows : 

limestone,  very  white,  cuttings  marble-like,  at 140  feet 

Niagara  shale  at 170  to  210  " 

Clinton  limestone  280  to  260  " 

Medina  shale  at 290  " 

Hard,  foflsiliferons  band  at  460  '* 

Ditto  at 636  " 

Gag  vein  at 866  " 

TJtica  shale  begins  at 8d6  ^* 

Utica  shale,  very  black,  at 1,015  " 

Trenton  at 1,260  '* 

A  point  of  special  interest  is  to  be  observed  in  connection  with  the 
elevation  at  which  the  Trenton  was  found  in  the  well.  As  already 
stated,  its  upper  surface  was  267  feet  above  tide.  At  Piqua,  the  first 
station  southward  at  which  the  level  of  the  Trenton  can  be  determined, 
it  is  found  to  be  807  feet  below  tide,  but  the  normal  dip  of  the  Trenton 
is  to  the  northward.    In  the  twelve  miles  traversed  between  these  points, 
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the  Trenton  should  have  descended  forty  to  fifty  feet.  Instead  of  drop- 
ping lower,  however,  it  has  risen  forty  feet  higher.  This  elevation  in- 
dicates a  slight  transverse  axis,  from  which  the  presence  of  gas  could 
have  been  reasonably  expected  in  advance  of  the  drilling.  The  wrinkle 
or  fold  here  referred  to  may  connect  itself  with  gas  accumulation  at 
other  points,  if  it  is  found  to  extend  further.  No  distinct  traces  of  it 
have  been  noted  to  the  eastward.    (October,  1886.) 

The  elevation  above  referred  to  becomes  a  part  of  the  Lima  axis,  as 
is  seen  from  the  later  developments  of  the  field. 

During  the  summer  of  1887,  well  No.  1  was  drilled  deeper,  and 
although  no  gas  was  found  in  the  Trenton  limestone  in  it,  it  was  con- 
cluded to  shoot  the  rock  heavily.  As  a  result  of  the  torpedo,  a  good 
volume  of  gas  is  reported,  but  just  what  its  value  or  significance  is  can- 
not now  be  determined.  It  is  scarcely  probable  that  any  return  will  be 
made  for  the  large  expenditures. 

Several  additional  wells  have  also  been  drilled  by  the  people  of 
Sidney  in  and  around  the  town,  but  one  record  describes  all. 

The  composition  of  the  Trenton  limestone  underlying  Sidney  de- 
serves a  brief  account  in  this  place. 

Analysis  shows  it  to  contain,  as  follows :     (jLord)  . 

Carbonate  of  lime 62.80 

Carbonate  of  magnesia 28.80 

Oxide  of  iron  and  alumina , 4.40 

Insolnble  matter 8.00 

Total 98.60 

This  composition,  though  not  of  the  greatest  promise  in  itself,  is 
still  compatible  with  respectable  production,  as  is  seen  from  some  an- 
alyses from  the  Lima  field,  but  its  chief  interest  lies  in  the  fact  that 
the  change  from  a  dolomite  to  a  limestone  appears  to  have  been  begun 
at  about  this  point. 

Logan  County. 

BeUefontaine. 

The  Trenton  limestone  has  been  reached  at  two  points  in  Logan 
county  during  the  last  year,  viz.,  at  Bellefontaine  and  Belle  Center. 
The  Bellefontaine  well  was  begun  in  the  spring  of  1886,  but  was  not 
completed  until  September,  the  tools  being  fast  in  the  well  for  a  number 
of  weeks.  For  the  record  of  this  well  the  Survey  is  indebted  to  J.  Q.  A. 
Campbell,  Esq.  The  well  was  located  on  the  low  ground  west  of  the 
railway  station,  at  an  altitude  of  about  1,190  feet  above  tide.    The  geo- 
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logical  section  at  Bellefontaine  is  of  unusual  interest,  the  Devonian 
shales  occupying  the  high  ground  in  an  out-lier,  and  the  entire  series  of 
Upper  Silurian  limestones  being,  of  course,  directly  underneath.  At 
the  point  where  the  well  was  located,  however,  the  bedded  rock  had  been 
out  away,  and  a  deep  drift  channel  with  precipitous  sides  was  revealed 
by  the  drill,  as  appears  in  the  following  record : 

Drift 150  feet. 

Waterlime  and  NiagMra.. 884  " 

Niagara  shale 28  " 

Clinton  limestone  and  shale 67  " 

Medina,  Hndson  River,  and  TJtica.. 906  ** 

Trenton  limestone  struck  at 1,540  " 

Or  860  feet  below  tide. 

The  well  was  drilled  to  1,590  feet,  and  torpedoed  in  the  first  six  feet 
of  the  Trenton.  A  small  vein  of  gas  was  released,  but  the  torpedo  did 
nothing  to  increase  it,  and  the  well  was  considered  a  failure. 

BeUe   Center. 

Belle  Center  drilled  a  deep  well  in  the  winter  of  1885.  The  record, 
as  furnished  by  Mr.  J.  B.  Temple,  is  as  follows : 

Drift 40  feet 

.  Limestone,  gray  and  yellow 140  '* 

"           blne,sheUy 26  « 

"           hard,  white 86  " 

*•           blue 25  '* 

"           lighlrcolored 20  « 

"           hard  and  blue 10  " 

"           white  and  hard 80  " 

"           blue 16  " 

Shale,  fine,  sticky 10  •* 

"      red 10  " 

"       drab 626  " 

•'       dark 825  " 

Limestone,  hard  and  gray 145  " 

The  Trenton  limestone  was  struck  at 1,810  ** 

A  small  vein  of  gas  was  found  in  it.  Six  months  after  the  well' 
had  been  drilled,  the  blaze  of  gas  from  a  one-inch  pipe  was  four*feet 
high.    No  oil  was  found,  and  the  well  has  not  been  torpedoed. 

HuntsviUe, 

A  well  was  drilled  to  the  Trenton  limestone  at  this  point  in  the 
summer  of  1887.  Neither  gas  nor  oil  was  obtained  in  valuable  amount 
from  the  last-named  stratum,  but  a  fair  volume  of  gas  was  obtained  from 
the  Utica  shale,  about  150  feet  above  the  surface  of  the  Trenton  lime- 
stone.   The  well  was  shot  with  a  heavy  charge  of  nitro-glycerine  in  the 
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Trenton  and  it  was  thought  at  first  that  the  flow  of  gas  was  much  in- 
creased, but  if  this  was  the  case,  the  increase  does  not  appear  to  be  per- 
manent. Measured  in  July,  the  volume  of  the  gas  was  found  to  be 
72,000  feet.  Another  measurement,  recently  reported,  gives  50,000  feet 
as  the  present  volume.  The  gas  appears  to  be  falling  away  after  the 
usual  fashion  of  the  gas  of  this  horizon. 

The  record  of  the  well,  as  kindly  furnished  by  Capt.  J.  H.  Harrod, 
secretary  of  the  company,  is  as  follows : 


Drift 67  feet 

Upper  limestones ~ 818    " 

Red  shale 8    " 

Gray  shale ! 1 

Brown  shale .....840  feet  [    1,007  " 

Black  shale.. 160    "  J 

Trenton  limestone  at 1,400  " 

Well  finished  at 1,460  « 

Trenton  limestone,  about  286  feet  below  tide. 


The  uppermost  20  feet  of  the  Trenton  appeared  to  be  fairly  good  oil- 
sand,  and  analysis  bears  out  this  opinion  respecting  it.  Below  20  feet 
the  Trenton  assumed  the  white  and  flaky  character  which  is  to  be 
counted  the  normal  character  throughout  this  region. 

The  analysis  of  the  upper  beds  is  as  follows :  (^Clarke.) 

Carbonate  of  lime.. 67.23 

Gorbonate  of  magnesia 83.16 

Alumina  and  oxide  of  iron 8.16 

Insoluble  matter 4.41 

97.96 

There  is  nothing  in  these  figures  incompatible  with  moderate  pro- 
duction of  gas  and  oil  so  far  as  our  knowledge  goes. 

De  Graf. 

A  deep  well  was  completed  at  this  point  in  June,  1887.  The  Tren- 
'ton  limestone  was  struck  at  1,281  feet,  and  the  well  was  finished  at  1,356 
feet.  The  surface  of  the  Trenton  limestone  was  290  to  300  feet  below 
tide.  At  10  feet  in  the  Trenton,  a  small  vein  of  gas  was  found.  The 
well  was  then  torpedoed,  1(0  quarts  of  nitro-glycerine  being  used  in  the 
shot.  A  little  oil  appeared  after  the  shot,  and  the  flow  of  gas  was  much 
increased.  The  later  fortunes  of  the  well  have  not  been  learned.  There 
is  nothing  in  the  experience  of  the  towns  nearest  to  this  to  warrant  an 
expectation  that  really  valuable  results  will  be  obtained  in  this  imme- 
diate neighborhood.  The  main  supplies  of  available  gas  here,  appear 
to  be  those  obtained  from  the  shales  above  the  limestone,  and  shale-gas, 
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even  when  found  in  large  enough  quantity  to  justify  use,  is  known  to 
be  lacking  in  persistency. 

Union  County. 

Magnetic  SprvagB. 

One  deep  well  has  been  drilled  within  the  last  three  years  in  Union 
county ;  but,  strange  to  say,  it  was  not  drilled  with  reference  to  either 
gas  or  oil,  but  in  search  of  a  substance  more  easily  reached  in  the  rocks 
of  Ohio,  viz.,  salt-water.  Mr.  W.  Murphy  drilled  the  well  during  the 
years  1884  and  1885,  at  Magnetic  Springs,  in  Union  county,  in  search  of 
mineral  waters  that  could  be  turned  to  account  in  his  sanitarium  and 
bath-house.    The  record,  as  kept  by  him,  is  as  follows : 

Drift 40  feet 

LdmeBtoneB '854    " 

Bine  shale - 30    « 

Redshmle ' - 60    " 

Shales 1,116    " 

Hard  rock  at 1,600    " 

At  100  feet  in  this  lower  rock,  bitter-water  was  struck  in  considera- 
ble quantity.  Salt-water  was  found  at  700  feet.  This  record  is  easily 
interpreted.  The  Medina  appears  in  the  red  shale,  60  feet  thick ;  the 
Trenton  is  unmistakable  at  1,600  feet.  Neither  gas  nor  oil  were  discov- 
ered, and  the  water,  though  counted  well  adapted  for  the  uses  for  which 
it  was  sought,  was  not  delivered  from  the  tube  except  as  it  was  pumped. 
The  thickness  of  the  great  shale  formation  is  excessive,  as  reported ; 
and  possibly  the  drillings  would  have  borne  a  somewhat  different  distri- 
bution if  an  opportunity  had  been  secured  for  examining  them. 

MarywiUe, 
The  record  of  the  well  drilled  at  this  point  in  May,  1887,  is  as  follows: 

Drift  (gravel  and  gravelly  clay) 106  feet. 

Upper  limestone  (Waterlime  and  Niagara) 249  " 

Slate  (Niagara  nhale) 26  « 

"Sandstone"  of  driller  (Clinton  limestone) lOi  " 

Bedrock  (Medma  shale) 47  " 

Qray  slate  (Hudson  River  group) 758  " 

Black  slate  (Utica  slate) 879  " 

Trenton  limestone,  struck  at.. 1,664  " 

solid.. 68  " 

"                 slate  and  limestone.. 21  " 

Well  finished  at. 1,743  « 

The  Trenton  limestone  is  between  600  and  700  feet  below  tide  at 
Marys ville.    It  was  entirely  destitute  of  value  here.    In  fact,  the  whole 
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series  was  unusually  barren  of  promise.    It  is  condemned  on  a  double 
count,  by  reason  of  its  depth  and  also  by  reason  of  its  composition. 

Similar  reports  are  due  from  Mechanicsburg,  Milford  Center  and 
Fountain  Park,  where  deep  wells  have  been  recently  drilled.  At  Me- 
chanicsburg,  the  drift  is  reported  280  feet  thick,  and  the  Trenton  lime- 
stone is  said  to  have  been  struck  at  1,455  feet.  It  was  of  course  unpro- 
ductive, 

Delaware  County. 

DeUiware. 

Delaware  followed  the  prevailing  fashion  by  drilling  a  deep  well  in 
the  summer  of  1887.  The  number  of  such  drillings  in  this  portion  of 
the  state  had  by  this  time  become  so  great  that  it  was  easy  to  anticipate 
the  result.  The  Trenton  limestone  as  found  here  is  in  no  sense  an  oil 
or  gas-rock,  no  more  so  than  any  other  limestone  of  the  section  that  a 
deep  well  brings  to  light. 

The  record  of  the  well,  as  kindly  furnished  by  Mr.  J.  0.  Johnston, 
the  contractor,  is  as  follows : 

Drift.. 20  feet 

Upper  limestones.. 710    '' 

Bed  rock,  thin. 

Shales,  blue  and  dark,  to 1,788    ** 

Well  finished  at a,180    " 

There  is  some  doubt  as  to  where  the  Trenton  limestone  was  first 
struck.  It  is  credited  to  1,788  feet,  but  it  could  scarcely  have  begun 
before  1,950  feet.  The  lower  portion  of  the  Utica  shales  are  highly  cal- 
careous. The  Trenton  limestone  in  central  Ohio  is  in  all  cases  a  white, 
or  at  least  a  light-colored  rock. 

The  well  was  unusally  barren  of  interest  in  the  way  of  gas  or  oil, 
and  the  record  is  not  even  enlivened  with  an  inroad  of  salt-water. 

Prospect, 

The  experiment  made  at  Prospect  will  be  briefly  reported  here,  though 
the  town  is  beyond  the  limits  of  the  county.  (It  is  located  in  Marion 
county.)  A  well  was  finished  at  this  point  in  July,  1887,  at  a  depth  of 
more  than  1,650  feet.  The  drift  was  fifty-four  feet  thick  and  the  upper 
limestone  400  feet.  The  Trenton  limestone  was  found  at  this  last-named 
level,  which  is  about  750  feet  below  tide.  Condemned  by  the  unbroken 
law  that  a  descent  of  more  than  500  feet  below  tide  is  fatal  in  this  part 
of  the  state  to  large  accumulations  of  gas  or  oil,  this  region  finds  a  pre- 
existent  and  insuperable  barrier  in  the  way  of  its  being  counted  pos- 
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eible  oil  territory  in  the  composition  of  the  Trenton  limestone  which  is 
the  goal  of  every  well.  In  the  Prospect  well  it  shows  the  following  com- 
position, viz. :    {Clarke.) 

Carbonate  of  lime 66.02 

Carbonate  of  magnesia.. 8.77 

Oxide  of  iron  and  alomina 2.57 

Insoluble  matter.. 26.12 

Total 98.48 

It  is  needless  to  say  that  no  rock  of  this  character  will  ever  be  found 
a  source  of  oil  or  gas.  How  much  territory  is  represented  in  this  analysis, 
cannot,  of  course,  be  told. 

A  well  drilled  at  Waldo,  due  east  of  Prospect,  and  a  short  distance 
north  of  the  Delaware  county  line,  gave  a  similar  record  and  the  stereo- 
typed result  of  failure. 

The  well  was  begun  in  black  shale  territory  and  100  feet  of  this  for- 
mation were  reported,  which  was  followed  by  725  feet  of  limestones. 

Dabkb  County. 

OreenviUe. 

vVells  have  been  drilled  to  the  Trenton  limestone  at  two  points  in 
Darke  county,  viz.,  at  Greenville  and  at  Union  City.  Prof.  J,  T.  Martz, 
superintendent  of  schools  at  Greenville,  has  kindly  furnished  a  record 
and  the  samples  of  drillings  from  the  well  at  this  point.  The  well  was 
finished  in  June,  1886.    The  main  facts  appear  below  : 

Drift - 89  feet. 

Niagara  limestone 82    '* 

Niagara  shale  at 260    *< 

Darkflhaleat 800  to  1,186    *• 

Trenton  found  at 1,186    " 

At  1,148  feet,  or  twelve  feet  in  the  limestone,  the  rock  was  very  hard 
and  compact.  Neither  gas  nor  oil  was  found  in  it,  nor  indeed  in  the 
descent  at  any  point  in  notable  quantity.  The  well-head  is  about  1,055 
feet  above  tide,  and  the  Trenton  is  thus  seen  to  be  eighty-one  feet  below 
tide.  Several  noteworthy  facts  appear  in  this  record.  The  first  and 
most  important  is  the  high  level  of  the  Trenton  limestone.  It  has  risen 
quite  rapidly  from  all  the  nearest  stations  at  which  its  relation  to  sea- 
level  has  been  determined.  This  point  will  be  further  discussed  on  a 
later  page.  Another  point  to  be  noted  is  the  dark  color  of  the  Hudson 
River  shales,  as  appears  from  the  record,  and  also  from  an  examination 
of  samples  of  the  drillings.    From  300  feet  downward  to  1,134,  the  entire 
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shale  formation  is  dark  enough  to  be  called  Utica.    Not  another  section 
of  precisely  this  character  has  been  observed  in  the  rocks  of  Ohio. 

At  Union  City,  on  the  west  line  of  the  county,  in  this  state,  a  well 
was  drilled  late  in  1885.  The  record  was  furnished  by  Mr.  George 
Given,  contractor,  and  is  as  follows : 

Drift 104  feet 

LimeBtone,  soft  near  the  bottom 180    '* 

Shales 864    " 

Trenton  limefltone  stmck  at 1,164    " 

Or  forty  feet  below  tide. 

Water  abounding  in  sulphur  and  various  salts  (Blue  Lick  water) 
was  struck  at  1,630  feet*  The  well  was  finished  at  1,784  feet,  and  was 
destitute  of  oil  and  gas.  Here,  too,  the  high  level  of  the  Trenton  is  to 
be  especially  noted.  Instead  of  declining  to  the  northward,  as  is  usual, 
so  that  it  should  be  150  to  175  feet  below  the  level  of  the  limestone,  as 
found  at  Eaton  in  Preble  county,  it  was  at  precisely  the  same  elevation 
as  in  the  place  last  named,  viz.,  forty  feet  below  tide,  and  this  shows  a 
suppression  of  dip  equal  to  the  normal  amount  of  fall.  A  similar  fact 
has  been  pointed  out  in  the  Sidney  well.  The  two  facts  may  stand 
related  to  each  other. 

The  composition  of  the  Trenton  limestone  at  Union  City  is  as  fol- 
lows :    {Clarke.) 

Carbonate  of  lime 88.21 

Carbonate  of  magnesia 12.48 

Alamina  and  oxide  of  iron 1.23 

Inflolable  matter 2.14 

Total  99.06 

The  small  amount  of  insoluble  matter  in  the  limestone  is  a  point 
in  its  favor,  but  no  rock  of  this  character  and  composition  has  yet  been 
found  productive  of  oil  or  gas  in  any  notable  amount. 

Arcanum, 

Two  or  more  wells  have  been  drilled  at  Arcanum.  The  first  reached 
the  Trenton  limestone  late  in  April,  1887,  at  a  depth  of  almost  1,150 
feet,  or  about  100  feet  below  tide.  It  produced  a  small  vein  of  dry 
gas,  which  was  considerably  increased  by  the  explosion  of  a  torpedo  at 
the  proper  level.  The  gas  was  forthwith  utilized  in  the  town.  No 
authentic  facts  have  been  obtained  as  to  the  volume  and  pressure  of 
the  gas,  but  considerable  local  interest  has  been  aroused.  The  well 
seems  the  best  that  has  been  obtained  in  several  of  the  contiguous 
counties,  but  this  statement  does  not  necessarily  give  to  it  any  particu- 
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lar  value.  The  supply  is  doubtless  one  of  the  uncertain  ones  about 
which  questions  as  to  whether  or  not  it  pays  for  production  can  be 
raised,  but  the  truth  is  that  wheoever  such  questions  need  to  be  raised, 
they  have  been  already  answered.  A  second  well  was  finished  in 
June,  1887. 

New  Madison. 

The  Trenton  limestone,  was  found  at  New  Madison,  at     depth  of 
1,150  feet.    An  analysis  of  it  is  herewith  given  :    {darke.) 

Carbonate  of  lime 64.91 

Carbonate  of  magnesia 17.96 

Oxide  of  iron  and  alumina 8.60 

Insoluble  matter 11.11 

Total 97.60 

It  is  scarcely  necessary  to  repeat  the  remark  so  often  made  that 
Trenton  limestone  of  this  type  has  little  or  no  relation  to  gas  or  oil. 
A  well  drilled  at  Ansonia  was  also  a  failure. 

Miami  County. 

Piqua, 

Two  deep  wells  were  drilled  at  Piqua  during  the  first  six  months  of 
1886.  Well  No.  1  was  drilled  to  the  Trenion  limestone  in  March  for  a 
company  of  citizens  organized  for  the  purpose  of  testing  the  Lima 
horizon  at  this  point.  The  driller's  record  was  not  obtained,  but  from 
Mr.  G.  T.  Wiltheiss,  carefully  kept  samples  of  the  drillings  were  re- 
ceived, by  which  a  partial  record  of  the  well  is  established  as  follows  : 
Niagara  limestone,  bottom  beds  struck  a  few  feet  below  the  surface, 
thirty-one  feet  thick ;  Niagara  shale  occurring  as  a  blue  clay  with 
pyrite.  Neither  the  Clinton  limestone  nor  the  Medina  shale  are  noted 
in  the  record,  although  both  were  undoubtedly  present  in  the  well.  At 
365  feet  in  the  Hudson  River  shales,  and  under  a  cap  of  hard  fossil- 
iferous  limestone  a  pocket  of  gas  was  struck,  which  blew  with  great  force 
for  fourteen  hours  and  then  suddenly  declined  and  died  out  altogether. 
Great  excitement  was  caused  by  this  outburst  of  gas,  but  there  was 
nothing  afterward  discovered  in  the  progress  of  the  well  to  maintain 
this  interest,  inasmuch  as  the  Trenton  was  hard  and  dry.  The  Hudson 
River  shales  were  about  700  feet  thick,  and  the  Utica  shale  about  385 
feet.  The  Trenton  was  struck  at  about  1,185  feet  from  the  surface. 
Drilling  was  continued  to  1,673  feet,  or  about  500  feet  below  the  surface 
of  the  Trenton.  Bitter-water  and  brine  were  found  at  last,  as  they 
18        Q. 
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usually  are,  if  the  drill  ^oes  deep  enough.    The  well  was  located  at  the 
south  end  of  the  town,  and  not  far  from  the  Piqua  stone-quarries. 

Well  No.  2  was  located  on  the  east  side  of  the  Miami  Valley,  and 
not  far  from  the  station  of  the  Dayton  and  Michigan  Railway.  It  was 
drilled  in  June,  1886.  The  Trenton  was  struck  at  1,175  feet.  The  well 
was  torpedoed  shortly  after  it  was  finished,  and  a  small  flow  of  gas  was 
obtained.  A  few  barrels  of  oil  were  also  bailed  out  of  the  well.  The 
oil  was  of  low  gravity,  registering,  when  obtained,  34°  B.,  but  the  test 
was  not  a  fair  one,  as  the  oil  had  been  previously  exposed.  The  flow  of 
gas  was  maintained  for  some  time,  but  there  was  never  enough  of  it  to 
justify  much  outlay  in  an  attempt  to  utilize  it  in  any  way.  The  well 
was  drilled  to  1,245  feet.  The  Trenton  limestone  was  found  here  at  a 
depth  of  807  feet  below  tide-water.  Several  other  wells  have  been  drilled 
in  and  around  Piqua,  but  the  search  appears  to  be  without  valuable  re- 
sults. 

Troy,  Oovingtony  and  Tippeccmoe  City. 

Wells  were  drilled  in  the  summer  of  1887  in  these  three  towns, 
with  the  stereotyped  results  of  this  part  of  the  state. 

Troy  found  no  upper  limestone.  The  drift  beds  were  138  feet 
thick.  At  510,  680  and  880  feet,  respectively,  slight  flows  of  gas  were 
encountered.  Brown  shale  (Utica)  began  at  680  feet,  and  continued  to 
1,030  feet,  where  the  Trenton  limestone  was  found  170  feet  below  tide. 
Salt-water  was  struck  at  1,120  feet,  or  90  feet  in  the  Trenton  limestone. 
The  drilling  was  suspended  at  1,170  feet. 

At  Tippecanoe  City  the  Trenton  limestone  was  struck  at  1,026  feet, 
or  about  180  feet  below  tide.  In  several  of  the  counties  last  name  i,  and 
from  this  district  southward  through  the  state,  the  boundary  between 
the  Utica  shale  and  the  underlying  Trenton  limestone  becomes  some- 
what indistinct.  Sheets  of  crystalline  limestone  are  interbedded  with 
the  black  shale  for  twenty  to  fifty  feet  at  the  bottom  of  the  shale  series. 
The  first  hard  rock  struck  is  generally  taken  by  the  driller  for  Trenton 
limestone,  but  the  true  boundary  probably  lies  at  a  considerable  dis- 
tance below  this  mark.  It  seems  safe  to  count  the  rock  as  Trenton  in 
age  when  the  beds  of  black  shale  have  all  been  passed.  The  Utica,  in 
its  lower  courses,  is  in  all  cases  quite  highly  calcareous,  so  that  no 
proper  distinction  can  be  efiected  by  means  of  acid  tests  between  it 
and  the  Trenton  limestone. 

Champaign  County. 

Urbana. 

Urbana  has  made  three  trials  of  the  Trenton  limestone  within  the 
last  year.    Well  No.  1  was  located  at  the  tannery  within  the  city    1  its, 
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At  an  elevation  of  1,047  feet  above  tide.  It  was  drilled  in  May,  1886. 
An  ex;cellent  record  of  the  well  was  kept  by  Prof.  T.  F.  Moses,  corre- 
lated and  corrected  by  a  great  number  of  samples  of  drillings,  and  these 
have  been  kindly  furnished  by  him  for  the  use  of  the  Survey.  The 
record  is  as  follows  : 

Drift 1B6  feet. 

Niagara  limestone 70    " 

Niagara  shale 25    ** 

Clinton  limestone 68    ** 

Blneshale-.- 15    " 

Bed  shale,  Medma ..;..      34    « 

Blae  and  gray  shale,  Hudson  River.. 689    " 

Brown  and  black  shale,  Utica 300    " 

Trenton  struck  at 1,350    " 

Well  finished  at « 1,730    " 

Where  salt-water  was  found  at  880  feet  below  surface  of  the  Trenton. 

The  amount  of  drive  pipe  was  168  feet.  The  well  was  cased  at  308 
feet.  A  small  volume  of  gas  was  yielded  by  the  Trenton  at  1,350  feet. 
The  well  was  shot  from  1,350  to  1,400  feet,  and  the  flow  of  gas  was  some- 
what increased  thereby,  but  there  was  not  enough  produced  ^en  then 
to  justify  any  attempt  at  utilization.  The  surface  of  the  Trenton  lime- 
stone was  303  feet  below  tide.  The  leading  members  of  the  company, 
were  not  satisfied  with  the  results  of  this  experiment,  and  forthwith 
formed  a  new  company  to  make  another  test  in  the  vicinity.  The 
locality  selected  was  on  the  Rattlesnake  Prairie,  two  miles  west  of 
town,  on  the  line  of  the  Chicago,  St.  Louis  &  Pittsburgh  Railway,  and 
the  well  was  known  as  the  Rattlesnake  well.  It' was  drilled  in  July 
and  August,  1886.  The  well-head  was  forty  feet  lower  than  the  eleva- 
tion of  well  No.  1,  or  1,063  feet  above  tide.  The  record  of  this  well  also 
was  furnished  by  Prof.  Moses,  and  is  as  follows : 

Drift 133  feet. 

Niagara  limestone 60  " 

Niagara  shale 21  " 

Clinton  limestone 51  '* 

Casing  set  at -  270  ** 

Hudson  River,  or  gray  shale 800  " 

Utica,  or  black  shale 2»a  '* 

•     Trenton  struck  at 1,307  " 

Or  304  feet  below  tide. 

Medina,  or  red-rock,  was  found  in  small  amount  at  303  feet.  A 
very  vigorous  "blower''  of  gas  was  struck  July  21st  in  the  Hudson 
River  shale,  at  a  depth  of  about  803  feet.  The  gas  was  delivered  with 
great  force,  the  flame  from  a  two-inch  pipe  being  estimated  to  be 
twenty-five  feet  long.  It  held  on  for  eight  or  ten  days  with  but  small 
itbatement,  but  ran  down  rapidly  thereafter  in  pressure  to  zero,  and 


276  GEOLOGY    OF    OHIO. 

thus  disappeared.  The  Trenton  limestone  was  found  entirely  dry.  It 
was  drilled  to  a  depth  of  seventy  feet,  then  torpedoed  and  abandoned. 

When  the  shale^gas  "  blower  "  of  well  No.  2  was  struck,  great  ex- 
citement was  caused  thereby,  and  a  few  of  the  stockholders  of  the  first 
well,  who  had  not  taken  part  in  the  organization  of  the  second  com- 
pany, at  once  made  arrangements  to  sink  a  third  well  intermediate 
between  Nos.  1  and  2.  This  well  was  completed  in  September,  1886. 
A  trifling  quantity  of  oil  was  found  in  it,  but  it  was  as  complete  a 
failure  as  those  that  had  preceded  it.  ^'  Blowers "  of  gas  of  the  same 
general  character  as  that  recorded  in  No.  2  have  been  fotind  by  all  the 
towns  in  this  vicinity  that  have  drilled  to  this  horizon  of  late.  Among 
these  towns  may  be  named  Sidney,  Piqua,  Dayton  and  Springfield. 

Not  recognizing  the  fact  that  these  repeated  failures  had  probably 
resulted  from  the  change  which  the  Trenton  limestone  had  undergone 
in  the  interval  between  Lima  and  this  point,  by  which  it  had  ceased  to 
be  an  oil-rock  in  any  worthy  sense,  the  search  was  still  further  pro- 
longed in  the  vicinity  of  Urbana,  and  two  or  more  records  of  failure 
were  added  to  the  list  already  reported. 

St.  Pdris. 

St.  Paris  is  located  on  the  summit  between  the  Mad  River  and 
the  Great  Miami  valleys.  Its  railroad  level  is  1,238  feet  above  tide, 
against  1,042  (1,030)  at  Urbana,  and  884  at  Piqua,  or  in  round  numbers, 
it  is  200  feet  higher  than  Urbana  and  350  feet  higher  than  Piqua.  A 
small  quarry  is  said  to  have  been  once  opened  about  two  miles  south 
of  the  town,  in  the  Waterlime  formation.  This  fact,  taken  in  connec- 
tion with  the  elevation,  led  to  the  belief  that  a  tongue  of  this  stratum 
extends  from  its  northern  outcrops  to  the  southward  through  the 
western  part  of  Champaign  cofinty.  On  the  geological  map  of  the  state, 
this  view  finds  expression,  but  the  facts  of  outcrop  on  which  it  is  based 
must  certainly  be  few  in  number. 

The  drilling  mania,  as  it  advanced  through  western  Ohio,  took 
possession  of  St.  Paris  in  due  time,  and  much  encouragement  was  taken 
by  the  people  from  the  recognition  of  the  high  level  of  the  town.  It 
was  held  that  this  elevation  of  the  surface  indicated  a  corresponding 
rise  in  the  strata,  and  that  probably  the  northward  extension  of  the 
Cincinnati  axis  was  to  be  found  here.  A  contract  for  drilling  to  the 
Trenton  limestone  was  let  upon  the  usual  terms,  and  work  was  begun 
in  the  spring  of  1887.  A  depth  of  100  feet  of  drift,  or  thereabouts,  was 
anticipated,  and  drive  pipe  to  this  amount  was  provided.  The  pipe 
was  used,  but  the  drift  was  not  exhausted.    Another  hundred  feet  was 
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added.  The  drift  at  this  point  consisted  of  gray  clay,  and  the  pipe  was 
quite  easily  driven.  Below  this,  blue,  sandy  clay  was  found,  continuing 
to  300  feet.  Driving  pipe  beyond  300  feet  became  monotonous.  No 
drift  section  had  heretofore  been  reported  of  so  great  thickness  in  the 
state.  At  360  feet  a  tough,  brown  clay,  that  burned  terra  cbtta  red,  was 
found.  At  400  feet  a  genuine  surprise  was  encountered  by  the  driller. 
Gravel,  containing  large  pieces  of  wood  and  bark,  and  also  fragments 
of  mussel-shells,  was  struck  at  this  depth.  The  shells  were  scattered 
and  no  scientific  examination  was  made  of  them,  but  the  fragments  of 
wood  seemed  to  be  the  red  cedar  that  generally  occurs  in  our  forest 
soils.     At  405  feet  the  well  filled  up  150  feet  with  quicksand. 

The  contractor  pushed  on  through  difficulties  and  obstacles  that  it 
would  be  tedious  to.  even  enumerate.  Once  or  twice  it  was  thought 
that  bedded  shales  were  struck,  but  further  progress  revealed  unmis- 
takable boulder-clay,  and  the  last  samples  raised  from  the  well  at  530 
feet  were  of  this  formation.  The  upper  limestones  had  all  been  worn 
away  and  their  places  suppliedby  this  enormous  deposit  of  drift  mate- 
rials. The  bottom  of  the  drive  pipe  stood  in  drift  nearly  200  feet 
lower  than  the  bed  of  the  Miami  River  at  Piqua,  and  350  feet  lower 
than  the  Mad  River  at  Urbana. 

The  driller  had  unfortunately  struck  upon  the  ancient  channel  of 
the  Miami  River.  The  modern  valley  is  largely  in  rock,  which  is  the 
same  as  saying  that  it  is  of  post-glacial  origin.  The  old  valley  was 
known  to  lie  to  the  eastward,  but  no  conjecture  had  located  it  under 
this  great  dividing  ridge. 

The  quarry  stone,  two  miles  south  of  the  town,  must  stand  up  in  a 
great  wall,  as  high  and  nearly  as  abrupt  as  the  most  marked  boundaries 
of  the  Ohio  Valley  at  the  present  time. 

At  530  feet,  after  traversing  the  deepest  section  of  drift  ever  found 
in  Ohio,  the  contractor  retired  discomfited,  without  reaching  bedded 
rock.    It  was  impossible  to  drive  the  pipe  another  foot. 

Another  location  was  selected  by  the  company,  eighty  rods  north- 
west of  well  No.  1,  and  bedded  rock  was  reached  at  370  feet.  The  upper 
limestones  had  been  removed  from  this  section  also,  and  only  shale  sep- 
arated the  driller  from  the  Trenton  limestone.  A  small  vein  of  gas  was 
found  at  about  1,000  feet,  but  no  extended  report  of  the  results  of 
drilling  is  at  hand.  This  silence  is  significant.  Whenever  there  is 
anything  to  be  told,  publicity  is  always  secured. 

For  the  very  interesting  record  of  the  drift  beds  of  the  first  well, 
the  Survey  is  under  obligations  to  Dr.  Charles  Jones. 
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Clarke  County. 

Springfield. 

Several  wells  have  been  drilled  in  Springfield  in  search  of  oil  and 
gas  from  the.  Trenton,  or  from  any  other  horizon  that  might  hold  & 
supply.  The  manufacturing  interests  of  the  town  are  so  important 
that  no  price  would  be  counted  too  great  to  pay  for  an  abundant  supply 
of  the  new  fuel.  The  first  well  was  sunk  for  a  company  of  citizens  in 
the  fall  of  1885,  by  Mr.  J.  W.  Churchill.  The  record  furnished  by  him 
is  appended.  The  well  was  located  on  the  floor  of  one  of  the  quarries 
of  the  city.    The  geological  identifications  are  obvious : . 

Blae  limestone  (Niagara) 15  feet 

White  clay 8  feet  \  ^    « 

Soft  lunestone  (Niagara  shale)...  40    "     / ^ 

White  limestone  (Clinton) 42    '* 

Bed  slate  (Medma) -      12    " 

Shale  rock 226  feet' 

Shelly  rock  and  gritty  shale  (Hudson  River 

shale)— gas  found  here »    87    *' 6d8  feet 

Gray  shale 805    " 

Light  shale 180    " 

Dark  shale 230  feet) 

Red  sand 76     '*     \ 830  feet 

Black  shale 24     «    J 

Trenton  limestone  struck  at 1,140    " 

A  vein  of  shale-gas  was  reached  at  one  of  the  usual  horizons.  Its 
real  significance,  or  rather  insignificance,  was  not  understood  at  the 
time,  as  Springfield  was  so  early  in  its  investigations.  The  excite- 
ment that  has  been  so  often  recorded  in  the  previous  pages  in  connec- 
tion with  these  '^  blowers  "  of  shale-gas  was  experienced  here,  but  this 
short-lived  supply  presently  disappeared,  and  the  Trenton  was  found 
without  promise  in  its  surface  beds.  A  descent  of  several  hundred  feet 
did  not  improve  the  situation  in  any  degree.  The  well-head  was  ap- 
proximately 950  feet  above  tide,  and  the  Trenton  is  thus  found  to  be 
approximately  190  feet  below  tide. 

Of  three  other  wells  drilled  after  this  date  in  Springfield,  no  record 
has  been  obtained  except  as  to  the  final  results.  All  are  failures,  aggra- 
vated rather  than  relieved  by  the  transient  flashes  of  shale-gas  which 
they  have  each  in  their  turn  displayed. 

The  cause  of  the  failure  is  not  far  to  seek.  An  analysis  of  the 
Trenton  limestone  from  well  No.  1  tells  the  story.  The  figures  are  as 
follows :    iLard.) 

Carbonate  of  lime..- 80.78 

Oarbonate  of  magnesia 6.29 

Insoluble  matter 9.68 

Total.. 96.70 
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There  is  reason  to  believe  that  the  surface  of  the  stratum  has  about 
the  same  character  through  most  of  the  surrounding  country.  As  so 
often  repeated,  this  is  not  an  oil-rock. 

A  few  analyses  of  drillings  from  well  No.  1  were  executed  for  the 
Survey  by  Professor  Lord.    The  results  are  here  appended : 

No.  1.    Hudson  River  shale 760  feet  in  depth. 

No.  2.       **        "       "    aoo 

No.  8.    Utica  shale 900 

No.  4.        "         "    986 

No.  6.        "         "     1,060 

No.  6.        "         "     1,100 

No.  7.    Trenton  limestone,  surface 1,160 

No.  8.         "  "  50  feet  in  rock 1,200 


1 

2 

8 

4 

5 

6 

7 

8 

Oarbon&to  of  limfi 

15.61 

4.28 

67.60 

13.79 

5.03 

69.68 

10.17 

4.13 

73.65 

27.99 

4.41 

57.66 

36.82 

8.86 

60.33 

6995 

2.16 

21.29 

80.78 
6.29 
9.63 

84.01 

Oarbonate  of  magnesia 

TnnnlnhlA  maiitAr 

1.88 
12.19 

A  fifth  well,  which  was  drilled  in  the  summer  of  1886,  by  the  Cham- 
pion Machine  Company  near  their  city  shops,  deserves  a  brief  report, 
inasmuch  as  it  has  pushed  its  way  to  parts  of  our  geological  scale  that 
are  very  seldom  traversed.  The  well-head  is  about  1,000  feet  above 
tide.  The  record  oi  well  No.  1  was  repeated  in  this  as  in  all  of  those 
that  have  preceded  it.  The  Trenton  was  struck  at  1,200  feet,  showing 
its  surface  to  be  about  200  feet  below  tide.  The  well  was  cased  at  250 
feet,  and  the  casing  maintained  the  well  in  proper  condition  until  not 
only  the  Trenton  was  reached,  but  had  been  penetrated  for  a  number  of 
hundred  feet.  At  a  depth  of  1,850  feet  a  vein  of  salt-water  was  found, 
and  was  cased  out.  An  eight-inch  hole  was  carried  down  to  this  depth, 
and  indeed  below.  Salt-water  was  struck  at  2,000  feet.  The  casing  was 
re-drawn  and  the  well  reamed  down.  Between  1,900  and  2,000  feet, 
fifty  feet  of  sand  was  claimed  by  the  driller.  There  is  certainly  nothing 
improbable  in  a  deposit  of  this  character,  but  no  samples  are  at  hand 
for  an  authentication  of  this  claim.  The  St.  Peters  sandstone  of  the 
northwestern  states  comes  in  on  this  horizon.  At  greater  depths,  salt- 
water was  struck  in  constantly  recurring  horizons.  The  casing  was 
drawn  and  set  again  many  times  below  1,800  feet,  but  one  or  two  days' 
drilling  would,  in  every  case,  bring  in  a  fresh  stock  of  salt-water. 
From  2,000  to  2,400  feet  there  was  a  succession  of  very  light-colored 
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magnesian  limestones.  Some  w.ere  silicious,  but  carbonates  predom- 
inated in  all. 

The  well  was  purely  an  experimental  one.  There  is  not  a  known 
fact  in  the  geology  of  the  country  that  would  lead  us  to  expect  gas  or 
oil  in  these  deep-lying  strata.  Furthermore,  if  moderate  flows  of  gas 
had  been  discovered  under  a  series  of  strata  filled  with  salt-water  from 
1,850  feet  downward  for  at  least  500  feet,  it  is  scarcely  probable  that 
their  exploitation  could  have  been  eflfected  with  profit.  It  is  to  be  re- 
gretted that  so  expensive  an  exploration  could  not  have  been  made  to 
yield  some  results  of  scientific  interest,  seeing  that  the  work  was  entirely 
devoid  of  economic  value,  but  the  suspension  of  the  field-work  of  the 
Survey  in  1887  withdrew  the  opportunity  to  study  the  facts  as  they 
were  developed. 

A  well  was  drilled  in  Pike  township  by  parties  from  Springfield 
during  the  summer  of  1887.  It  is  known  as  the  Northampton  well, 
or  the  Mower  well.  One  or  two  points  are  to  be  noted  in  its  history. 
In  the  drift  beds,  which  were  ninety-three  feet  thick,  a  large  body  of 
gas  was  struck,  but,  like  all  such  supplies,  this  was  soon  exhausted. 
The  casing  of  the  well  was  S3t  at  200  feet.  The  Medina  shale  was  thin, 
but  of  a  characteristic  color.  At  728  and  850  feet,  respectively,  small 
veins  of  gas  were  struck.  The  Utica  shale  was  black,  and  it  exceeded 
300  feet  in  thickness.  The  Trenton  limestone  was  reached  at  1,293 
feet.    It  was  entirely  barren.    The  well  was  drilled  to  1,380  feet. 

New  Carlisle. 

A  deep  well  was  finished  in  this  village  in  July,  1887.  At  990  to 
1,060  feet  the  Utica  shale  became  a  firm  and  calcareous  rock,  though  still 
black  in  color.  It  was  counted  Trenton  limestone  by  the  contractor,  but 
this  determination  cannot  be  granted.  At  1,060  feet  the  real  limestone 
was  struck,  where  the  white  and  flaky  stratum  that  marks  this  horizon 
in  southern  Ohio  appeared.  No  gas  was  found  in  the  drilling  of  any 
value  or  significance. 

Madison  County. 

A  deep  well  was  drilled  at  London  in  1887.  The  record  is  as 
follows : 

Drift 156  feet. 

Limestone  (Waterlime  and  Niagara) 205    " 

Gray  slate  (Niagara  shale) 40    '* 

Limestone  (Clinton) 70    " 

Red  rock  (Medina)...., 20    ** 
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Oray  slate 166  feet/ 

GrT^BlAte.ZZ  715    «       Hudflon  Riyer  and  Utica  shales 1,086    " 

Black  slate.V.V.Vl  190    "     ^ 

Trenton  limestone  reached  at ^ 1,585    ** 

About  660  feet  below  tide. 

The  interest  of  this  well  ceases  with  its  record. 

Fbanklin  County. 

Colunilms, 

Not  content  with  the  result  of  the  deep  boring  in  the  State-house 
grounds,  the  record  of  which  appears  on  page  107,  a.  number  of  enter- 
prising citizens  of  Columbus,  inspired  by  a  visit  to  Pittsburgh  and  an 
inspection  of  the  wonderful  advantages  brought  to  that  city  by  natural 
gas,  organized  themselves  into  a  company,  early  in  1886,  to  drill  for  gas 
within  the  city  limits.  The  well  was  located  on  the  banks  of  the  Olen- 
tangy,  near  the  Wassail  Sewer  Pipe  Works,  and  was  begun  in  March. 
The  well  was  completed  in  July,  1886,  a  depth  of  2,020  feet  having  been 
reached. 

The  State-house  well,  referred  to  above,  was  drilled  wet  and  with 
pole  tools,  and  although  its  depth  was  ample  to  test  the  question  of  pet- 
roliferous supply  in  the  rocks,  its  negative  testimony  was  rejected  by 
the  company  on  the  ground  above  stated.  Its  record,  though  supported 
as  fully  as  possible  by  samples  of  the  pumpings,  is  still  very  unsatis- 
factory. The  currents  of  water  entering  the  well,  blended  and  inter- 
mingled the  drillings  from  the  various  levels  so  that  the  individuality 
of  the  various  horizons  is  mainly  lost.  Attempts  made  by  the  Survey 
to  obtain  some  clues  as  to  the  boundaries  of  the  formations  by  means 
of  chemical  analysis,  have  proved  unsuccessful. 

The  new  well,  "however,  furnishes  an  excellent  record.  Through 
the  courtesy  of  the  company  there  was  secured  to  the  Survey  authentic 
sets  of  drillings  from  the  entire  series  that  was  traversed,  and  a  number 
of  important  facts  in  the  geology  of  the  state  were  established  on  this 
record.  Perhaps  the  most  important  fact  was  the  discovery  of  the  great 
thickness  of  the  Lower  Helderberg  limestones  (Waterlime).  A  thick- 
ness of  100  feet  is  all  that  previous  to  this  time  it  had  seemed  neces- 
sary to  claim,  but  this  measure  was  increased  more  than  threefold  on 
the  indubitable  evidence  of  the  drillings  and  rock  fragments  yielded 
by  the  well. 

The  presence  of  red  rock  of  the  fossil  ore  variety  in  the  Clinton 
series,  and  also  of  intercalated  shales  in  the  same  series,  was  first  estab- 
lished here.    All  of  these  points  have  been  of  great  service  and  value 
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in  the  interpretation  of  many  subsequent  records  throughout  the  state.. 
The  level  of  the  well-head  was  787  feet  above  tide.  Though  in  ter- 
ritory where  the  Ohio  shale  is  due,  all  the  deposits  of  this  formation, 
had  been  previously  removed  by  erosion,  and  also  a  few  feet  of  the 
uppermost  beds  of  the  Devonian  limestones.  The  record,  in  condensed, 
form,  is  given  below  : 

Drifts 104  feet. 

Upper  Helderberg  limestone  (comiferous) 96  " 

(Three  feet  of  sharp  sand  fonnd  near  bottom  of  this  division.) 

Lower  Helderberg  limestones  (Waterlime) »  873  " 

(Gypsum  in  quantity  at  560  feet;  sulphur-water  at  573  feet.) 

Niagara  limestone 49  ^* 

Niagara  shale' 68  " 

Clinton  limestone  and  shale 120  " 

(Contains  several  courses  of  red  rock.) 

Medina  shale— red 80  " 

Hudson  River  shale—blue  and  calcareous 650  *^ 

(A  small  sas  vein  at  1,500  feet.) 

Utica  shale,  dark,  verging  to  black 375  '* 

Trenton  limestone  struck  at ^  1,915  " 

Trenton  limestone,  white  and  flaky 105  '' 

Drilling  finished  at ^2,020  " 

Trenton  limestone  1,188  feet  below  tide. 

The  well  was  cased  at  about  8(X)  feet  in  the  Medina  shale.  As  the 
event  proved,  it  might  have  been  cased  at  625  feet  in  the  Niagara  shale, 
no  water  being  found  in  the  Clinton  series. 

The  well  was  barren  of  gas  and  oil  to  an  unusual  degree.  The 
Lower  Helderberg  limestone  was,  as  usual,  quite  petroliferous,  but  it 
gives  rise  to  no  accumulations.  The  drillings  from  470  to  5(X)  feet  were 
examined  for  petroleum  by  Professor  Lord,  d.nd  nineteen-hundredths  of 
one  per  cent,  of  the  rock  was  found  to  be  petroleum  as  mch^  being  ex- 
tracted from  the  pulverized  rock  by  the  proper  solvents.  Several  hun- 
dred feet  are  represented  by  this  analysis,  and  the  total  stock  of  petro- 
leum to  the  acre  is  seen  to  be  very  large,  though  entirely  valueless,  by 
reason  of  its  general  and  sparse  distribution. 

The  Trenton  limestone  is  far  removed  from  its  oil-bearing  phases^ 
as  is  seen  in  the  following  analysis :    (Lard.) 

Carbonate  of  lime 69.8 

Carbonate  of  magnesia 4.3 

Oxide  of  iron  and  alumina 2.7 

Insoluble  residue 23.6 

Total 99.9 

If  it  had  proved  instead  to  be  the  purest  of  dolomites,  it  is  as  good 
as  certain  that  it  would  have  been  filled  with  salt-water,  situated  as  it 
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is  far  down  the  eastern  slope  of  the  Cincinnati  uplift.  As  shown  in 
this  analysis,  the  Trenton  limestone  of  central  Ohio  is  about  as  far 
removed  from  All  possibility  of  oil  or  gas  storage  as  any  other  rock  in 
the  entire  geological  scale  of  the  state. 

WesterviUe. 

A  deep  well  has  been  recently  drilled  at  this  point.  The  Ohio  shale 
makes  the  surface-rock,  and  about  300  feet  of  it  are  said  to  have  been 
found  before  the  limestones  were  reached.  Of  the  latter  division  there 
were  about  700  feet.  The  Trenton  limestone  will  be  found  here,  accord" 
ing  to  this  report,  at  2,200  to  2,300  feet. 

Sunbury, 

The  well  now  drilling  at  Sunbury  must  also  be  reported  here,  though 
it  belongs  in  Delaware  county.  It  was  begun  just  below  the  horizon 
of  the  Berea  grit,  in  the  Bedford  shales.  The  shale  series  is  reported 
about  400  feet  thick,  and  the  upper  limestones  about  700  feet  thick. 
The  series  is  normal  throughout.  The  Trenton  was  found  at  2,630  feet, 
or  thereabouts.  A  good  volume  of  shale-gas  was  obtained  in  the  first 
300  feet  of  the  descent,  but  nothing  of  economic  value  is  reported  from 
the  lower  strata.  Household  supply  can  doubtless  be  secured  from  the 
shales.    No  other  known  supply  is  available  in  this  region. 

In  the  accompanying  section,  from  Union  City  to  Columbus,  some 
of  the  facts  stated  in  the  last  few,  pages  are  represented. 

MoBRow  County. 

CardingUm. 

Though  out  of  its  geographical  order,  a  brief  account  must  here  be 
given  of  a  well  drilled  in  1887  at  Cardington.  The  well-head  is  about 
990  feet  above  tide.    The  record  is  as  follows,  viz.  : 


Ohio  shale.. 846  feet 


Drift.. 7  feet 

Black  shale 10  feet 

Soft  blue  shale.. 40    " 

Black  shale 260    " 

Light-blue  shale 86    " 

Limestone,  comiferous 106  feet 

Salt-water  rock.. 80    " 

limestone 70    " 

Gypsum.. 6    " 

Hardbuflf  limestone 60    " 

Gypsum *' 

Brown  limestone 126    " 

Shaly  bed 20    « 

Dark  limestone 90   " 

This  record  is  unfinished. 
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The  only  peculiarity  in  the  well  was  the  faot  that  it  yielded  quite  a 
volume  of  gas  from  the  CorniferouB  limestone,  a  horizon  from  which 
IHtle  value  has  thus  far  been  obtained  in  Ohio.  Gas  was  derived  from 
this  same  stratum  at  Chicago  Junction,  but  it  is  generally  unproductive. 
The  further  fortunes  of  the  well  have  not  been  followed.  The  Trenton 
would  seem  to  be  due  at  about  2,300  feet. 

Pbbblb  County. 

Before  the  present  interest  in  oil  and  gas  had  been  developed,  Preble 
county  could  lay  claim  to  the  best  record  of  the  deep  rocks  underlying 
it  of  any  portion  of  western  Ohio.  In  the  wide-spread  excitement  as  to 
petroleum  that  extended  through  the  country  twenty-five  years  ago,  the 
surface  indications  of  oil  that  abounded  in  the  Clinton  limestone  in 
many  of  its  outcrops  in  southwestern  Ohio  led  to  an  expensive  test  of 
the  rock  at  Eaton,  the  county  seat.  A  well  was  drilled  there  to  a  depth 
of  1,375  feet.  Both  home  and  foreign  capital  were  enlisted  in  this  enter- 
prise. Nothing  of  value  was  found  in  the  descent  of  the  drill.  Although 
the  records  of  the  former  experience  had  not  been  lost,  the  citizens  of 
Eaton  were  desirous  of  making  a  new  test  with  all  the  modern  improve- 
ments in  the  art  of  sinking  wells,  and  accordingly  a  company  was 
formed  early  in  1886,  and  a  well  was  drilled  in  June  to  the  Trenton 
limestone.  The  record  of  the  well  was  kindly  furnished  by  J.  R.  Cook, 
Esq.    It  is  as  follows,  the  driller's  divisions  being  adopted : 

Upper  limestone.... 40  feet. 

Shale  and  limestone 460    " 

Darker  shale. 630    " 

Trenton  struck  at 1,030    " 

Or  about  sea-level. 

A  little  dark  oil  was  found  at  300  feet  in  the  Hudson  River  series, 
and  a  small  quantity  of  light-colored  oil  at  1,200  feet,  but  the  lower 
rock  again  proved  to  be  in  the  main  without  either  value  or  promise. 
From  this  point  southward  the  Trenton  limestone  is  found  above  the 
level  of  the  sea.  Wells  have  been  drilled  to  it  and  below  at  several  locali- 
ties in  Butler  county,  and  at  a  number  of  points  in  Cincinnati  and  its 
vicinity,  and  also  in  the  adjacent  parts  of  Indiana.     (December,  1886). 

There  have  been  drilled  at  Eaton  during  1886-7  several  wells  in 
addition  to  the  one  here  reported.  The  Ackerman  well  was  carried  to 
1,607  feet  and  the  Robinson  well  to  1,200  feet.  Neither  makes  any 
return  to  the  companies  that  have  drilled  them. 

The  New  Paris  well  is  also  of  the  unproductive  sort.  The  Trenton 
gas-rock  does  not  extend  within  thirty  miles  of  Preble  county,  according 
to  present  knowledge. 
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Camden, 

The  village  of  Camdea,  acting  as  a  corporation,  drilled  a  well 
within  its  limits  daring  the  summer  of  1887.  The  record  of  the  driller 
is  as  follows,  viz. : 

Drift 181  feet. 

Blue  shale  (Hudson  Biver) «  283    " 

Brown  shale  (Hudson  River  and  Utica) 320    " 

Limestone  mixed  with  shale »      66    ** 

Limestone,  solid,  at 840    " 

Well  finished  at  about -  900    " 

The  Trenton  limestone  begins  at  840  feet;  though  here,  as  elsewhere, 
the  hard  phase  of  the  Utica  shale  was  mistaken  for  Trenton,  and  the 
contractors'  mark  for  the  upper  surface  of  this  sheet  was  781  feet.  A 
vigorous  vein  of  gas  was  struck  soon  after  the  shales  were  reached,  viz., 
at  a  depth  of  290  feet.  Some  accessions  were  made  to  it  in  the  next  1(X) 
feet,  but  nothing  was  added  below  4(X)  feet. 

The  volume  of  the  gas,  measured  before  the  well  was  completed, 
but  several  weeks  after  the  flow  was  struck,  was  74,620  cubic  feet  per 
day.  The  well  attained  a  closed  pressure  of  sixty-five  pounds  when 
shut  in  for  one  hour« 

This  entire  volume  could  have  been  obtained  by  drilling  less  than  4(X) 
feet,  and  practically  the  whole  amount  could  have  been  got  within  8(X) 
feet.  If  a  location  were  selected  where  the  rock  could  be  promptly 
reached,  the  expense  of  drive-pipe  and  casing  could  be  avoided  and 
the  cost  of  a  well  could  be  kept  within  $300or  $400.  It  certainly  seems 
worth  while  for  the  people  of  southwestern  Ohio  to  make  a  full  test  of 
their  possibilities  in  respect  to  the  supplies  of  shale  gas  that  underlie 
them. 

Montgomery  County. 
Dayton, 

The  search  for  oil  and  gas  in  Montgomery  and  Preble  counties  dates 
further  back  than  the  excitement  produced  by  the  discovery  of  Findlay 
gas  and  Lima  oil.  Both  of  these  counties  were  tested  even  to  the  depth 
of  the  Trenton  limestone  more  than  twenty  years  ago ;  and  a  negative 
report  was  brought  back  from  these  tests  as  to  oil  and  gas  being  con- 
tained in  the  rocks  that  underlie.  These  records  were,  however,  dis- 
missed as  unsatisfactory  or  were  entirely  forgotten,  and  new  attempts 
have  been  made  by  both  counties  to  discover,  if  possible,  some  stores  of 
light  and  power  in  the  deep-lying  rocks  of  their  geological  scale. 

Considerable  drilling  has  been  done  at  Dayton.  A  well  of  unusual  geo- 
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logical  interest,  but  devoid  of  economic  value,  was  put  down  there 
during  1886-7.  A  natural  gas  company  was  organized  in  May,  1886, 
to  make  as  thorough  a  search  for  oil  and  gas  as  a  single  drilling 
could  possibly  be  made  to  do.  The  company  consisted  of  thirteen  busi- 
ness men,  who  put  in  at  the  outset  $200  each,  and  who  afterward  liberally 
increased  their  subscriptions.  Mr.  George  Wuichet  is  secretary  of  the 
company,  and  he  has  given  a  great  deal  of  intelligent  interest  to  the 
work  that  has  been  carried  forward.  The  samples  of  drillings  saved  by 
him  constitute  one  of  the  most  interesting  records  ever  furnished  from 
the  rocks  of  Ohio.  The  well  is  located  on  the  southeastern  side  of  the 
city,  at  the  corner  of  Brown  and  Cemetery  streets,  and  is  in  a  quarry  of 
the  Cincinnati  or  Hudson  River  series.  It  is  about  826  feet  above  tide. 
The  well  was  begun  nearly  200  feet  below  where  the  Lima  and  Findlay 
wells  are  cased.  A  little  surface  water  was  found  at  first,  and  the  casing 
was  set  at  425  feet,  apparently  at  this  depth  through  force  of  habit 
on  the  part  of  the  drillers,  who  were  from  the  Lima  field.  Several 
weak  veins  of  gas  were  struck,  as  usual,  in  descending  through  this 
series,  the  most  noteworthy  of  which  were  at  160  and  475  feet;  the 
latter,  in  particular,  acquired  a  transitory  notoriety,  but  died  out  while 
its  discovery  was  being  reported.  From  a  study  of  Mr.  Wuichet's  sam- 
ples, combined  with  the  record  kept  by  the  company,  the  following 
stratigraphical  order  is  found  in  the  section : 

Blue  limestone,  Cincinnati  group 420  feet. 

(Gas  at  160  and  460  feet). 

Blue  slate,  dark  at  bottom,  Hudson  River  and  XJtica 415  *' 

Sand? 26  " 

Limestone,  interstratifled  with  shale,  XJtica...^ 80  '* 

Trenton  limestone,  white 80  " 

Trenton  limestone,  940  feet,  or  116  feet  below  tide. 

Trenton  limestone,  blue 10  " 

Trenton  limestone,  brown  (Birdseye  ?)» 280  '' 

Limestone  and  slate 120  " 

Salt-waterat 1,370  « 

(480  feet  below  surface  of  Trenton). 

White  sand 10  " 

White-rock,  silicious,  calcareous  and  magnesian 250  " 

White-rock,  magnesian  limestones.. 760  " 

The  drilling  was  finally  suspended  at  2,440  feet,  or  about  1,600 
feet  below  the  upper  surface  of  the  Trenton  limestone.  A  small 
gas  vein  was  found  a  2,128  feet,  and  considerable  expense  was  under- 
taken in  freeing  it  from  the  salt-water  of  these  horizons.  The  attempts 
were  unsuccessful.  The  first  salt-water  vein  was  struck  at  1,360  feet,  or 
420  feet  below  the  upper  surface  of  the  Trenton  limestone;  the  second 
vein  at  1,450  feet,  or  510  feet  below  the  same  level.    The  water  filled  the 
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well  within  200  feet  of  the  top  from  this  vein.  It  is  much  to  be  regretted 
that  the  suspension  of  the  chemical  work  of  the  Survey  has  rendered 
it  impossible  to  draw  from  the  samples  of  these  deep  rocks  the  full 
measure  of  instruction  that  they  can  be  made  to  furnish. 

The  composition  of  drillings  obtained  from  two  points  in  the 
descent,  viz.,  at  1,390  to  1,400  feet  below  the  surface,  and  again  at  1,400 
to  1,640  feet  are  given  below  :     (Lord.) 


Oarbonate  of  lime.. 

Oarbonate  of  magneala 

Oxide  of  iron  and  alumina.. 


60.66 

89.06 

1.10 


Insoluble  matter 7.16 


84.14 

28.16 

1.10 

36.86 


The  first  is  seen  to  be  a  magnesian  limestone,  or  dolomite  of  a  com- 
mon type,  and  the  second  is  an  impure  magnesian  limestone. 

A  number  of  interesting  facts  will  be  noted  in  this  record :  First, 
the  Utica  shale  has  been  reduced  in  volume,  at  least  as  a  black  shale. 
The  change  from  Springfield  is  quite  abrupt.  There  are  300  feet  at  the 
bottom  of  the  great  shale  column  there  as  dark  as  at  any  point  in 
northern  Ohio,  but  here  the  dark  portion  is  much  reduced.  It  does  not 
appear,  in'  fact,  distinctly  in  the  record.  The  sand  reported  directly 
above  the  Trenton  limestone  is  an  unusual,  if  not  an  anomalous  for- 
mation. Second,  the  upper  part  of  the  limestone  series,  or  the  lower 
part  of  the  shale  series,  is  a  shaly  mass  eighty  feet  thick.  The  same 
line  of  facts  is  found  in  all  of  the  wells  to  the  southward  and  eastward, 
as  for  example  at  Middletown  and  Hamilton,  Wilmington  and  Hills- 
boro.  Streaks  of  shale  are  by  no  means  wanting  in  the  Trenton  as 
found  in  northern  wells,  but  there  is  not  a  distinct  division  of  this  sort 
as  here.  The  reasons  for  considering  this  division  in  the  Utica  shale 
have  been  given  on  a  preceding  page. 

The  elevation  of  the  Trenton  limestone  here  is  about  116  feet  below 
tide,  on  the  identification  of  this  stratum  as  indicated  above. 

Drilling  has  been  diligently  continued  at  and  about  Dayton  during 
the  first  half  of  1887.  Appreciating  the  immense  advantage  of  even 
moderate  supplies  of  natural  gas  at  such  a  center,  the  business  men  who 
took  up  the  search  were  unwilling  to  take  no  for  an  answer  to  the  long 
.and  expensive  questions  asked  of  nature  through  the  drill. 

A  well,  drilled  in  the  city  at  the  corner  of  First  and  Findlay  streets, 
:in  the  summer  of  1887,  obtained  a  little  more  encouragement  than  most 
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of  those  before  it,  in  the  fact  that  a  moderate  vein  of  shale  gas  was 
struck  at  one  of  the  ordinary  horizons. 

The  elevation  of  the  well-head  is  seventy-five  feet  above  tide  The 
record  is  as  follows : 

Drift,  oonaiBtmg  mainly  of  graveL >.  247  feet. 

Blue  date  (Hndaon  River  shale) 860    *' 

Darker  shale  (Hudson  River  and  Utica) 200    *' 

Trenton  counted  at 870    " 

This  identification  makes  the  Trenton  115  feet  below  tide.  The 
vein  of  shale  gas,  obtained  here,  does  not  furnish  any  ground  for  en- 
couragement as  to  large  and  persistent  accumulations.  The  well  was 
shot  in  the  Trenton,  but  no  change  in  the  situation  was  affected  thereby. 

The  insuperable  barrier  to  success  in  this  search  is  found  in  the 
character  of  the  Trenton  limestone  as  shown  in  the  analysis  of  frag- 
ments of  the  surface  of  the  stratum  from  this  well.  The  results  are  as 
follows :    (Clarke.)    The  limestone  is  seen  to  be  in  no  sense  an  oil-rock. 

Carbonate  of  lime.. 82.86 

Carbonate  of  magnesia 1.67 

Oxide  of  iron  and  alumina 58 

Insoluble  matter 12.84 

Total 96.96 

Miami^rg, 

Two  wells  have  been  drilled  at  this  point  during  1887,  both  of 
which  secured  considerable  flows  of  gas  in  the  shale  series  above  the 
Trenton  limestone. 

Well  No.  1,  located  on  the  north  side  of  the  town,  was  carried  to  a 
depth  of  1,300  feet,  where  the  sulphurous  brine,  which  is  known  as 
Blue  Lick  water,  entered  in  large  volume  and  rose  1,000  feet  in  the 
well.  This  water  was  afterward  plugged  out  for  400  feet  above  the 
bottom,  and  the  gas  that  came  in  above  was  utilized  in  the  paper  mill 
near  by.  The  pressure  of  the  gas,  as  used,  is  found  to  be  rapidly  abat- 
ing. The  volume  was  measured  on  September  1,  1887,  and  found  to  be 
26,827  feet  per  day.    The  well  was  drilled  in  on  May  20. 

Well  No.  2  was  carried  to  a  depth  of  800  feet  only.  Its  gas,  which 
is  entirely  derived  from  the  shales  between  370  and  670  feet,  is  in  much 
larger  volume  than  that  of  No.  1.  An  anemometer  measurement  on 
September  1,  1887,  showed  the  daily  volume  to  be  104,828  cubic  feet,  the 
largest  volume  yet  observed  in  any  well  in  southwestern  Ohio. 

The  record  is  as  follows : 
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Drift,  mainly  graveL 181  feet. 

Casing  set  at  268  feet 

Bine  date 260  feet.  \  /rr„H«/^n  Ti\xrar\  aoo    « 

Lighter  slate 40    "       |  (Hudson  River) 300 

Dark  shale,  becoming  black  (Utica) 220    '* 

Gas  at  870, 440,  575  and  670  feet. 
The  last  flow,  the  most  vigorons. 
Oonrses  of  limestone  come  in  at  760  feet  and  be^ow,  with  some  black  shale. 

The  pressure  of  the  gas  when  the  well  is  closed  rises  about  five 
pounds  in  one  minute,  attaining  an  ultirnate  pressure  of  sixty  pounds. 
When  first  brought  in  the  well  showed  a  higher  pressure. 

It  is  clear  that  Miamisburg  has  not  secured  any  valid  promise  oi 
gas  in  large  enough  amount  to  serve  its  manufacturing  interests,  but 
domestic  supply  is  possibly  within  its  reach.  All  depends  on  the  per- 
sistence of  the  shale-gas  when  properly  guarded  from  waste. 

Orbbnb  County. 

The  drilling  epidemic  was  slow  in  reaching  Greene  county,  but  it 
broke  out  with  considerable  violence  at  a  number  of  points  during  the 
summer  of  1887.  Xenia,  Osborn,  Jamestown  and  Spring  Valley  drilled 
wells  to  the  Trenton  limestone.  Xenia,  indeed,  drilled  two  or  more 
wells.  It  had  already  been  made  clear  by  the  extensive  exploration  of 
the  strata  to  the  northward  that  there  was  no  special  promise  in  the 
Trenton  limestone  in  this  section  of  the  state.  Not  a  well  south  of 
Auglaize  and  Mercer  counties  had  obtained  gas  enough  from  the  Trenton 
limestone  to  justify  the  drilling,  and  scores  of  wells  had  found  and 
reported  the  rock  entirely  barren.  Moreover,  the  chemical  clue  as  to 
the  productive  character  or  the  want  of  it  in  the  Trenton  limestone, 
had  already  been  obtained,  and  it  was  evident  that  while  this  great 
stratum  extended  as  a  universal  sheet  underneath  western  Ohio,  the 
particular  phase  of  it,  which  constitutes  the  oil  and  gas-rock,  had  been 
left  behind  100  miles  already  to  the  northward.  But  it  had  also  been 
demonstrated  that  more  or  less  shale-gas  was  available  throughout  this 
region,  and  the  wells  that  had  been  drilled  were  relieved  in  many  cases 
from  complete  barrenness  by  obtaining  these  suspicious  supplies. 

When,  therefore,  these  and  numerous  other  towns  of  southwestern 
Ohio  began  their  tests  of  the  Trenton  limestone  in  the  summer  of  1887, 
the  outcome  was  as  nearly  certain  as  the  results  of  such  geological 
explorations  ever  are.  Of  shale-gas,  wh^itever  it  is  worth,  moderate 
supplies  were  possible  to  the  wells,  but  the  Trenton  limestone  had 
ceased  to  be  a  reservoir  of  oil  or  gas.    Its  composition  is  now  expressed 

19        G. 
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by  aa  altogether  different  formula  from  that  of  the  Findlay  and  Lima 
dolomite.  Instead  of  fifty  per  cent,  of  carbonate  of  lime,  it  contains 
more  than  eighty  per  cent.,  and  instead  of  Iqss  than  five  per  cent,  of 
silicious  impurities,  it  carries  more  than  ten  per  cent,  of  such  matter^ 
and  often  fifteen  or  twenty  per  cent. 

Xenia. 

Drilling  was  begun  in  Xenia  in  June,  1887,  by  a  Natural  Oas  Com- 
ipany.  The  record  of  the  well  was  kindly  furnished  by  Dr.  A.  H. 
Brundage.    It  is  as  follows  : 

Level  of  well-head 926  feet  above  tide. 

r  Clay 6  feet   1 

Gravel 80    " 

Drift    \  Sand.. 35    "        \ M  feet 

Qaickaand 26    " 

.  Cemented  sand.. 8    "       . 

light-colored  shales  (Hudson  River) 210  feet 

Dark  shale  (Hudson  River  and  Utica?) 826    ** 

Black  shale  (Utica)- 82    " 

Shell-rock— white  limestone  (Utica)  « 2    " 

Black  shale  (Utica).. 114    " 

Limestone— white  and  solid,  Trenton,  at  1,040  feet,  or  114  feet  below  tide. 
Well  drilled  to  1,200  feet  and  abandoned. 

A  second  company  proceeded  to  drill,  and  a  second  record  of  the 
same  sort  was  soon  in  its  possession. 

The  paper-mill  company  obtained  a  small  flow  of  shale-gas  while 
drilling  on  its  grounds  for  water. 

A  well  is  also  in  progress  at  the  Powder-mills  in  the  Little  Miami 
Valley,  above  Xenia. 

Osborn  has  obtained  one  of  the  best  supplies  of  shale-gas  in  this 
portion  of  the  state.  The  gas  is  derived  from  the  Utica  shale,  and  from 
a^depth  of  760  to  850  feet.    The  record  of  the  well  is  given  below  : 

Drift- 207  feet 

Blue  shale  (Hudson  River) 600    " 

Darker  shale  changing  gradually  to  quite  dark  or  black  shale 

(Hudson  River  and  Utica) 213    " 

Gray  rock  (pepper  and  salt-rock)  Utica 70    " 

Hard  crystalline  limestone  (Trenton)  at 990    " 

At  Troy  there  was  forty-five  feet  of  this  last  division,  and  at  Tippe- 
canoe City,  twenty-seven  feet. 

The  Trenton  limestone  is  about  170  feet  below  tide. 

The  gas  is  said  to  be  well  maintained.  Its  discovery  awakened 
great  interest  in  this  and  surrounding  communities.    It  is  a  matter  of 
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regret  that  no  measurements  of  the  flaw  can  be  reported  at  this  time. 
For  the  facts  pertaining  to  this  well,  the  Survey  is  indebted  to  S.  F. 
Woodward,  Esq.,  President  of  the  gas  company. 

Spring  Valley. 

In  the  well  drilled  at  this  place  the  Trenton  limestone  was  reached 
at  850  feet  to  876  feet,  making  its  elevation  100  to  125  feet  below  tide. 
The  well  was  continued  to  1,500  feet,  where  a  flow  of  salt-wate  was 
struck  that  rose  800  feet  in  the  well.  The  Utica  division  seems  to  be 
about  175  feet  thick,  including  thirty  or  forty  feet  of  limestones  inter- 
stratified  with  black  shale.  Oas  was  not  found  in  amount  that  deserves 
mention. 

The  facts  pertaining  to  the  well  were  furnished  by  Hon.  I.  M. 
Barrett. 

The  Jamestown  well  was  drilled  to  nearly  1,500  feet,  and  was  heavily 
fihot  at  or  below  the  surface  of  the  Trenton  limestone.  It  filled  with 
iialt-water  thereafter. 

Faykttb  County. 

WcLsMngUm  Court  House. 

A  deep  well  has  lately  been  drilled  at  Washington  Court  House, 
the  county  seat  of  Fayette  county,  the  record  of  which  can  be  appro- 
priately given  at  this  point.  The  elevation  of  the  well-head  is  965  feet 
Above  tide.  The  record,  as  furnished  by  Captain  Allen  Hegler,  is  as 
follows  : 

Drift - 70   feet 

Limestone,  blae,  gray,  white,  shelly  (Niagara  and  Clinton) 98     '' 

Shales,  red,  gray  and  dark 1,182      " 

At  190  feet  the  gray  shale  formation  was  struck,  which  continued 
in  belts  of  various  color  to  1,350  feet,  where  the  Trenton  limestone  was 
reached.  The  elevation  of  its  surface  is  885  feet  below  tide.  The  well 
made  but  the  smallest  show  of  gas  or  oil,  and  the  Trenton  was,  in 
particular,  dry.  Drilling  was  continued  to  1,880  feet.  Up  to  1,850 
feet  the  well  was  entirely  dry,  being  protected  from  the  time  that  the 
•casing  was  set  as  far  down  as  this  point.  The  inroads  of  salt-water  at 
1,850  feet  gave  good  reason  for  arresting  the  drill  at  this  point. 
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Pickaway  County. 

Circleville, 

A  well  has  been  begun  at  Circleville  which  will  doubtless,  in  good 
time,  reach  the  barren  horizon  to  which  it  is  directed,  viz.,  the  Trenton 
limestone.    The  section,  as  far  as  completed,  is  as  follows  : 

Drift.. 140  feet. 

Ohio  shales 160    " 

Devonian  and  Upper  Silarian  limestones '...  470    " 

If  the  limestone  series  is  completed  already,  as  the  contractor  believes 
it  to  be,  the  shortest  section  of  the  state  is  found  here.  It  is  possible, 
however,  that  the  shale  in  which  the  casing  now  rests  is  the  Niagara 
shale,  and  that  a  considerable  addition  of  limestones  will  be  made  in  the 
Clinton  division. 

The  section  afforded  by  the  well  now  in  progress  at  Chillicothe,  may 
also  be  mentioned  at  this  point. 

There  are  found  in  drilling  here — 

Ohio  shales 400  feet. 

Limestones  (Upper  Silarian) 610    " 

The  work  is  still  going  forward.  It  must  be  confessed  that  these 
sections  support  each  other  and  render  probable  the  construction  sug- 
gested above.  In  any  case  it  is  certain  that  there  is  a  considerable 
redaction  of  these  upper  limestones  in  southern  Ohio.  They  increase 
progressively  to  northwestern  Ohio,  where  the  total  section  exceeds 
1,100  feet.  In  much  of  southern  Ohio  the  section  is  reduced  by  the 
entire  disappearance  of  the  Devonian  limestone,  which  is  lost  by  over- 
lap to  the  south  of  Pickaway  county. 

Butler  County, 

HamilUm. 

The  drilling  at  Hamilton  has  been  conducted  in  a  most  judicious 
manner,  and  without  any  needless  expense  thus  far.  Work  was  begun 
by  a  number  of  the  citizens  associated  for  this  purpose  in  the  summer 
of  1886.  The  well  was  located  in  the  gravel  terraces  of  the  Miami  Val- 
ley near  the  city  gas-works.    The  record  is  as  follows : 

i«MK:::=:::::::::::::::::::::::::=:-z:::::::  'Ki  ^^^^ 

Blaeshale 286    " 

Brown  and  black  shale 84    " 

Limestone,  interbedded  with  shale.. 80    " 
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The  probable  place  of  the  Trenton  limestone  is  at  the  bottom  of  the 
well,  or  about  550  feet  below  the  surface. 

This  would  make  it  fifty  to  seventy  feet  above  tide.  Qas  was  found  in 
the  same  horizon  as  at  Middletowu,  viz.,  at  the  summit  of  the  brown  or 
Utica  shale.  A  small  but  persistent  flow  has  been  maintained  from  the 
well  since  it  was  first  struck.  Some  of  those  who  were  interested  in  the 
drilling  think  that  the  gas  was  increased  when  the  Trenton  was  reached. 
In  August,  the  amount  at  the  well-head  from  a  two  and  one-fourth-inch 
opening  was  30,000  cubic  feet  per  day.  The  pressure  rose  at  this  time, 
when  the  well  was  closed,  twenty  pounds  in  five  minutes.  The  rapid 
thinning  of  the  black  or  brown  shale  which  has  been  demonstrated  to 
be  the  Utica  shale  of  the  general  column,  and  which  has  been  followed 
from  the  shore  of  Lake  Erie  to  the  present  point  in  unbroken  section,  is 
especially  to  be  noted.  From  300  feet  at  Springfield,  it  is  reduced  to 
100  feet  at  Middletown  and  34  feet  in  the  Hamilton  well.  It  would  seem 
from  these  facts  that  the  Utica  shale  does  not  extend  to  the  parallel  of 
Cincinnati  in  its  characteristic  form.  The  same  eighty  feet  ot  inter- 
bedded  limestone  and  shale  that  was  first  found  at  Dayton  and  Middle- 
town  are  again  reported  here.  They  are  counted  with  the  Utica  shale 
for  reasons  previously  given.  The  drill  became  fast  at  550  feet,  or  just 
where  the  solid  and  light- colored  limestone  begins.  No  money,  as  has 
been  already  stated,  has  been  wasted  at  Hamilton,  and  a  household  but 
not  a  manufacturing  supply  of  gas  hsLii  been  indicated.  The  discovery  of 
such  a  supply  is  not  to  be  lightly  esteemed.    (December,  1886.) 

The  subsequent  experience  of  Hamilton  must  be  briefly  described. 
A  natural  gas  company  was  formed  by  a  number  of  enterprising  citizens 
early  in  1887,  to  drill  three  wells  in  and  around  the  town,  in  order  to 
settle  definitely  the  question  that  concerned  them  so  much,  whether  a 
supply  of  rock'gas,  adequate  to  manufacturers'  use,  could  be  found  in  the 
strata  underlying  them.  One  well  was  located  on  the  east  side  and  one 
in  the  center  of  the  town. 

Well  No.  1  was  drilled  700  feet  without  result.  The  record  of  well 
No.  2  is  as  follows : 

Drift— mainly  valley  gravels  214  feet. 

LiKht-colored  shale  (Hudson  River) 100  " 

Dark  shale  (Utica) 76  « 

Black  shale  and  limestone  (Utica) 70  " 

Gray  limestone  (Utica) 10  " 

.  Black  shale  and  lime  (Utica) 40  " 

Trenton  limestone—dae  in  40-50  feet,  at 550  *^ 

This  well  was  also  very  dry.    Its  record  is  left  incomplete. 
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A  well  was  also  drilled  in  West  Hamilton  during  the  summer  of 
1887,  the  record  of  which  agrees  with  those  already  given.  The  well  of 
1886  is  the  only  one  of  the  list  that  has  yielded  a  notable  amount  of  gas. 
It  has  not  been  handled  with  care,  and  it  is  no  longer  counted  of  any 
value. 

This  courageous  search  will  probably  terminate  at  this  point  an^ 
with  this  experience.    There  is  absolutely  nothing  to  warrant  furthe 
expenditure  in  this  direction.    The  possibilities  have  been  sounded 
and  there  is  no  promise  of  high-pressure  gas  to  this  portion  of  the  state. 

Oxford. 

The  well  drilled  at  Oxford  in  the  summer  of  1887  must  be  described 
in  few  words.    An  excellent  record  of  it  was  kept  by  Prof.  Joseph  F. 
James,  of  Miami  University,  and  published  by  him  in  Science,  June  24,  • 
1887.    It  is  as  follows: 

Drift.. 40  feet. 

Blae  limestone  and  shale 860  " 

Gas  at  802  feet 

Blue  shale 889  ** 

Black  limeBtone 60  " 

White  magnefiian  limeBtone 450  '* 

Dark  limestone.. 46  " 

Arenaceous  limestone,  contamiog  sulphur-water 40  ** 

Well  finished  at  1,866  feet. 

The  first  two  divisions  below  the  drift  are  obviously  the  equivalents 
of  the  Hudson  River  group  as  exposed  in  southwestern  Ohio.  The  black 
limestone  is  the  only  representative  of  the  Utica  shale  that  appears  here 
The  reference  of  this  stratum  to  the  Utica  horizon  is  supported  by  al 
the  facts  obtained  to  the  northward.  The  Trenton  limestone  was  struck 
at  830  feet,  or  about  seventy  feet  above  tide-water.  Sulphur-water, 
probably  also  more  or  less  saline,  was  struck  at  635  feet  below  the 
surface  of  the  Trenton  limestone.  The  last-named  stratum  has  none  of 
the  characteristics  of  an  oil  or  gas-rock  at  this  point.  The  shale-gas  was 
afforded  in  but  a  scanty  supply. 

Middletoion. 

The  first  of  the  wells  drilled  at  Middletown  will  be  briefly  de- 
scribed. Drilling  was  begun  at  Middletown  early  in  1886,  and  the  well 
was  completed  in  June,  a  number  of  citizens  combining  in  the  enter- 
prise. The  well  was  located  in  the  Miami  Valley,  and  fortunately  at  a 
point  where  the  bedded  rocks  were  easily  reached.  The  record,  as  fur- 
nished by  Hon.  William  Caldwell,  is  as  follows : 
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Drift 10  feet. 

Blue  limestone  ^ 130  " 

Gray  shale ^  310  " 

Blackshale 100  *' 

Limestone  mixed  with  shale  80  '* 

Trenton  limestone  struck  at ^ 630  " 

Or  87  feet  above  tide. 

The  lowermost  eighty  feet  of  the  Utica  were  intermixed  with  lime- 
stone, as  also  reported  at  Dayton.  The  boundary  of  the  Trenton  is  fairly 
distinct  below.  Thereafter,  for  600  feet,  the  rock  was  solid,  changing 
occasionally  in  color  by  a  few  shades.  The  drill  was  stopped  at  1,060  feet. 
Salt-water  was  reached  in  the  lower  part  of  the  well,  rising  fifty  feet  per 
day  until  within  eighty  feet  of  the  top.  It  was  finally  shut  off  by  a  plug 
set  at  665  feet.  Veins  of  gas  had  been  struck  at  180  feet  in  the  well,  in 
the  Hudson  River  shales,  and  again  at  420  feet,  or  at  the  top  of  the  Utica 
shale.  This  vein,  although  weak,  seems  fairly  persistent.  Measured  in 
October,  the  flow  was  found  to  be  10,000  cubic  feet  per  day,  making  a 
well  that  is  described  in  the  language  of  the  directors  as  '*  nut  good 
enough  to  keep  and  too  good  to  throw  away."  The  danger  in  such  sup- 
plies is  that  they  cannot  endure  the  natural  shrinkage  that  all  gas  wells 
must  be  prepared  for  without  becoming  extinct.  A  volume  of  gas  like 
that  now  reported  would  be  abundantly  worth  drilling  500  feet  for,  if 
there  were  a  fair  prospect  of  such  a  degree  of  continuance  as  may  rea- 
sonably be  expected  for  this  volatile  fuel.  The  natural  gas  supply  of 
Middletown  will  not,  according  to  the  results  of  this  drilling,  prove 
adequate  for  manufacturing  uses;  but  if  shallow  wells  can  be  found  to 
yield  household  supplies  with  reasonable  steadiness,  the  money  spent 
in  exploration  will  have  been  well  used,  so  far  as  the  interests  of  the 
town  are  concerned.  The  noteworthy  facts  in  the  record  are  the  limited 
depth  of  the  black  (Utica)  shale,  and  the  intercalation  of  limestone  in 
its  uppermost  eighty  feet. 

The  statements  of  the  preceding  paragraph  were  made  ten  months 
ago.  The  gas  was  presently  utilized,  and  it  is  stated  that  the  flow  of  the 
well  is  fairly  maintained  to  the  present  time, 

Warren  County. 

Lebanon. 

The  annals  of  the  search  for  gas  or  oil  in  the  Trenton  limestone  of 
Warren  county  are  happily  short  and  simple.  A  well  was  drilled  at 
Lebanon  in  1887,  the  full  record  of  which  is  not  at  hand,  but  it  is  known 
that  the  total  depth  exceeded  1,300  feet,  and  that  salt-water  was  found 
in  quantity  at  or  near  this  point.  The  Trenton  was  unproductive  and 
no  large  amount  of  shale-gas  was  discovered  here. 
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A  second  well  was  drilled  three-fourths  of  a  mile  west  of  the  first 
location,  in  the  valley  of  Turtle  Creek.  An  unusual  section  was  ob- 
tained here,  so  far  as  one  element  is  concerned,  as  will  be  seen  below. 
The  record  is  as  follows  : 

1*  Drift,  mainly  gravel  and  sand 266  feet. 

2.  Blae  limestone  and  shales 244    " 

8.  Dark  shale,  \  i  ^o     « 

4.  Dark  slate  and  limestone^  j 

5.  Hard  white  limestone 38    " 

An  abundance  of  slightly  chalybeate  water  was  found  in  the  gravel. 
Gas  was  found  at  330  feet  and  again  at  360  feet,  but  not  in  large  quantity. 

Numbers  3  and  4  probably  stand  for  the  Utica  shale.  The  Trenton 
is  to  be  recognized  in  the  white  limestone  at  662  feet.  This  would 
make  it  about  thirty-eight  feet  above  tide. 

The  facts  pertaining  to  these  wells  have  been  kindly  furnished  by 
Josiah  Morrow,  Esq. 

Clinton  County. 

Wilmington, 

A  well  was  drilled  at  Wilmington  in  the  summer  of  1887  to  the 
Trenton  limestone.  The  record  was  preserved  with  care  by  Professor 
Reynold  Janney.    It  is  given  below,  in  part : 

Drift 84  feet. 

Niagara  shale 5*   " 

Bed  rock— Clinton  fossil  ore 8  " 

Clinton  limestone 15  " 

Brown  shales  (Medina) „      5  " 

Hadson  River  shale,  about 860  " 

Utica  shale,  interbedded  with  limestones ..... 

Trenton  limestone «  .. 

New  Vienna. 

Through  the  kindness  of  Dr.  Geo.  R.  Conard,  an  excellent  record  of 
the  well  drilled  at  New  Vienna  to  a  depth  of  1,788  feet  was  obtained. 
The  record  was  supported  by  an  admirable  set  of  drillings,  and  thus  the 
New  Vienna  section  becomes  an  authoritative  one  for  all  this  portion  of 
the  state. 

It  is  not  necessary  to  spread  this  record  out  in  full,  but  the  salient 
points  will  be  indicated: 
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Clinton  limestone,  red 170  to  175  feet 

Clinton  limefltone,  gray 20  " 

HadBon  River  BhaleB 780  " 

Utica  shaleB  and  interbedded  limeatones 246  " 

Trenton  limestone  atnick  at »  1,226  '' 

( Aboat  100  feet  below  tide.) 

Salt-water  struck  at 1,786  " 

(Or  660  feet  below  surface  of  Trenton.) 

Many  alternations  are  shown  in  the  samples  of  the  limestones,  but 
from  1,226  feet  down,  all  are  magnesian  and  almost  all  are  light-colored. 
In  the  lower  portion,  viz.,  the  beds  at  1,650  feet,  the  bird's  eye  mark  is 
quite  distinct. 

The  composition  of  the  upper  sheet  of  the  Trenton  is  as  follows, 
viz. ;     (Clarke.} 

Carbonate  of  lime ! 82.48 

Carbonate  of  magnesia ^    3.19 

Insoluble  residue 8.47 

The  character  of  the  division  called  Utica  may  profitably  be  shown 
in  greater  detail.  Gray  rock,  1,048-1,120;  black  shale,  1,120  to  1,200; 
very  black  shale,  1,200-1,226. 

The  village  of  Sabina  has  also  drilled,  or  is  now  engaged  in  the 
work. 

Highland  County. 

HiUsboro. 

A  deep  well  was  drilled  in  Hillsboro  during  the  summer  of  1887, 
and  an  excellent  record  of  it  was  kept  by  Dr.  H.  8.  Fullerton.  The 
series  traversed  by  the  drill  contained  no  unusual  features.  The  Tren- 
ton limestone  was  struck  at  1,200  feet.  The  analysis  of  the  upper  beds 
of  this  stratum  is  given  herewith  : 

Carbonate  of  lime 85.00 

Carbonate  of  magnesia 2.00 

Oxide  of  iron  and  alumina 0.60 

Insoluble  matter 11.80 

Total 99.40 

Drilling  was  continued  to  1,750  feet,  where,  at  a  depth  of  &50  feet 
below  the  upper  surface  of  the  Trenton  limestone,  the  peculiar  salt- 
water known  as  Blue  Lick  water  was  struck.  The  surface  of  the  Tren- 
ton limestone  is  somewhat  less  than  100  feet  below  tide-water  at  this 
point. 
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Hamilton  County. 

Cincinnati. 

It  is  to  be  regretted  that  while  more  deep  wells  have  been  drilled  in 
and  aronnd  Cincinnati  than  at  any  other  point  south  of  Lima,  there  is 
a  less  satisfactory  record  of  the  geological  section  here  than  can  be  ob- 
tained in  almost  any  other  county  of  western  Ohio.  Part  of  the  drill- 
ing reported  preceded  the  discovery  of  Lima  oi),  and  part  of  it  has  been 
carried  on  with  no  reference  to  oil  or  gas,  but  in  the  seeking  of  quite  a 
different  element,  viz.,  water  for  economic  uses.  The  Cincinnati  Gas 
Company  has  been  prominently  engaged  in  sinking  these  deep  wells,  its 
sole  object  being  to  obtain  the  artesian  water  that  they  yield  for  use  in 
elevators.  The  Hemingray  glass  works,  of  Covington,  has  probably 
made  the  fullest  and  most  careful  test  of  the  underlying  rocks  for  gas  or 
oil  that  has  been  made  in  the  vicinity.  The  well  sunk  by  this  company 
was  begun  44  feet  above  low  water,  or  476  feet  above  tide.  It  was  carried 
to  2,007  feet,  which  makes  it  deeper,  geologically,  than  any  well  yet 
drilled  in  Ohio.  The  Trenton  was  probably  struck  at  about  300  feet,  so 
that  its  upper  surface  is  176  to  200  feet  above  tide.  The  drift  was  70  feet 
thick  where  the  well  was  located.  Gas,  in  weak  supply,  was  struck  at 
170,  232  and  600  feet.  At  the  latter  horizon,  water  rank  with  salt  and 
sulphur  appeared  in  quantity.  It  is  popularly  designated  ''  Blue  Lick 
water,"  and  the  following  analysis  indicates  its  character :    {Lord.) 

"  Blue  Lick  Water, "  Hemingray  Welly  Newport,  Ky. 

Orains  to  gallon- 

Chloride  of  flodium 614.04 

Sulphate  of  lime 106.01 

Ohloride  of  magnesiam 64.17 

Silica 00.41 

Alumina  and  iron Trace. 

Sulphuretted  hydrogen,  undetermined. 

Larger  supplies  of  water  were  found  at  1,660  feet.  The  section  was 
composed  through  its  entire  extent  of  calcareous  rocks,  the  only  excep- 
tion being  a  3-foot  stratum  of  sand  that  was  found  at  1,100  feet.  The 
drillers,  it  is  true,  reported  sandstone  by  the  hundreds  of  feet,  but  all 
that  is  thus  reported  disappears  under  adequate  test,  except  the  bed 
just  named.  From  the  record  of  one  of  the  gas  company's  wells,  from 
which  samples  of  the  drillings  have  also  been  carefully  preserved,  and 
to  which  access  was  kindly  furnished,  the  following  facts  are  gained : 
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DriUer'8  Record. 

Drift 120  feet. 

Soapstone 3  " 

Limeetone 90  "  213  feet 

SandBtone 6  **  218  " 

Limestone 380  "  698  " 

White  limestone- 240  "  888  •* 

Sandstone 68  "  906  " 

Hard  limestone 16  "  921  " 

Bedsandstone 62  "  988  " 

White  sandstone 86  "  1,068  " 

Coarse  sand  and  lime 16  "  1,083  " 

Sandstone -  140  "  1,223  '* 

Hard,  flinty  limestone 260  "  1,473  " 

The  sandstones  reported  here  can  be  safely  relegated  to  the  lime- 
stone column  in  almost  every  instance.  They  are  simply  hard  or  im- 
pure phases  of  the  ordinary  limestones,  and  contain  more  lime  and 
magnesia  than  sand.  The  sixty-five  feet  of  sandstone,  reported  from 
838  to  906  feet,  is  the  principal  exception  in  the  column.  It  contains, 
as  reported  by  Professor  N.  W.  Lord,  the  following  elements,  viz.  : 

Silica - 67.16 

Iron  and  alamina.. 16.82 

Carbonates  of  lime  and  magnesia 12.79 

Total 99.96 

This  stratum  will  answer  very  well  to  the  St.  Peter's  sandstone^of 
the  northwestern  states.  With  it  would  be  included  a  number  of  the 
strata  distinguished  in  the  record  as  sandstones  down  to  1,000  feet.  The 
limestone  reported  at  1,245  feet  has  the  following  composition :    {Lard.) 

Silica 17.40 

Alumina.. 4.68 

Oxide  of  iron .86 

Carbonate  of  lime 62.89 

Carbonate  of  man^nesia 6.64 

Total 99.32 

The  limestone  reported  at  123  feet,  of  ninety  feet  in  thickness,  is 
doubtless  interstratified  with  shales.  It  belongs  to  the  Hudson  River 
series.  The  great  sheet  of  limestone  which  is  represented  as  under- 
lying it,  380  feet  thick  in  the  record,  has  the  composition  shown 
below,  so  far  as  reliance  can  be  placed  on  the  analysis  of  a  single  speci- 
men of  the  drillings :    (lord.) 
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Silica 12.96 

Alamina  and  iron.. 6.04 

Carbonate  of  lime.. 78.70 

Carbonate  of  magnesia 1.93 

Total 98.62 

The  drilling  recently  done  within  the  city  limits  and  adjacent 
thereto  hap,  however,  thrown  more  light  on  the  order  of  the  strata  than 
that  previously  reported.  The  record  of  a  well  sunk  at  the  corner  of 
George  street  and  Freeman  avenue  in  the  summer  of  1887,  as  reported 
by  Dr.  Walter  A  Dun,  is  as  follows : 

1.  Drift 48  feet 

2.  Blae  limestone  and  shale 54     '* 

8.    Blueish,  drab  limestone,  very  hard 20     '* 

4.    Blue  limestone  and  shales 60  " 

6.    Black  brown  calcareous  shale 47     '* 

6.  Limestone,  gray,  with  dark  beds  Interstratified 73    " 

7.  Black  brown  shale 16     " 

8.  White  compact  limestone,  with  greenish  beds,  at 827     *' 

The  progress  of  the  well  was  carefully  watched  by  Dr.  Dun,  and 
hib  record  throws  more  light  on  the  stratigraphical  divisions  than  all 
previous  records. 

The  most  probable  reference  of  these  several  elements  on  strati- 
graphical  grounds  seems  to  be  as  follows : 

Nos.  2, 8  and  4 Hudson  River  group. 

Nos.  6,  6  and  7 XJtica  shale. 

No.  8 Trenton  limestone. 

According  to  this  view,  the  Utica  division  is  here  135  feet  thick, 
and  the  surface  of  the  Trenton  limestone  is  184  feet  above  tide. 

A  few  more  careful  and  discriminating  records  from  this  corner  of 
the  state  are  greatly  needed.  With  such  records  in  hand,  comparisons 
of  the  series  found  here  would  be  possible  that  would  remove  any  ano* 
malies  that  now  appear  and  that  would  establish  the  absolute  conti-' 
nuity  of  the  main  stratigraphical  elements  of  the  section. 

Clbrmont  County. 

It  will  be  remembered  that  the  only  natural  exposure  of  the 
Trenton  limestone  that  occurs  in  the  state  is  found  at  Pt.  Pleasant,  in 
Clermont  county.  The  character  of  the  rock  as  it  is  seen  here  has 
already  been  described.  It  is  about  as  far  as  possible  from  an  oil- rock 
in  composition  and  structure,  and  there  is  nothing  whatever  in  its  char- 
acter or  association  to  suggest  that  the  same  stratum  a  hundred  milec 
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away  may  become  one  of  the  great  petroleum  and  gas  reservoirs  of  the 
country.  The  oil  rock  of  Lima  is  on  the  horizon  of  the  Pt.  Pleasant 
quarry  stone,  but  it  is  a  very  different  rock  from  that  in  mineral 
composition. 

Any  attempts  to  find  a  supply  of  oil  or  gas  in  this  stubborn  limestone 
within  the  limits  of  Clermont  county  would  seem  preposterous  in  the 
light  of  the  facts  above  given,  but  still  several  wells  have  been  recently 
drilled  here  under  the  impulse  arising  from  the  discoveries  of  north- 
western Ohio.  The  drilling  done  at  the  village  of  Felicity  is  the  best- 
known  and  most  successful  in  this  portion  of  the  state.  A  brief  and 
imperfect  account  will  be  given  of  it  at  this  point. 

FelicUy. 

Drilling  was  begun  at  Felicity  in  the  summer  of  1887.  The  Tren- 
ton limestone  was  probably  struck  at  about  400  feet.  Before  reaching  it, 
however,  quite  a  vigorous  gas  vein  was  struck.  The  Trenton  limestone 
was  drilled  through  for  several  hundred  feet,  but  no  additions  were 
made  to  the  gas  after  the  shales  were  passed.  The  gas  is  said  to 
maintain  its  pressure  and  volume  thus  far,  and  is  to  be  utilized  in  the 
village.  The  well  has  not  been  measured  by  the  Survey,  and  no  just 
estimate  can  be  made  of  its  capacity  or  value.  The  gas  is  without 
doubt  derived  from  the  shales. 

Brown  County. 

Riplej/. 

A  well  recently. drilled  at  Ripley  is  understood  to  have  penetrated 
the  deep-lying  strata,  as  its  neighbors  have  all  done,  and  with  the  same 
negative  results  that  most  of  them  have  reached.  It  is  not  known 
that  there  is  any  value  whatever  in  this  well. 

The  Trenton  limestone  has  been  reached  in  three  other  counties  of 
Ohio  during  the  last  year.  In  many  other  counties,  indeed,  attempts 
to  reach  it  have  been  made,  but  the  adverse  conditions,  arising  from 
excessive  depth  and  from  salt-water  in  the  Upper  Silurian  limestones, 
it  has  been  found  impossible  to  overcome  thus  far,  except  in  the  three 
instances  now  to  be  named.  In  the  preceding  pages  of  this  chapter 
accounts  have  been  given  of  wells  that  have  been  drilled  to  this  forma- 
tion in  every  county  of  Ohio  in  which  the  surface  rocks  are  not  later 
than  Devonian  in  a^e,  except  two.  Adams  and  Pike  counties  are  not 
known  to  have  reached  or  even  to  have  undertaken  to  reach  the  new 
horizon,  but  in  all  the  others,  and  the  list  includes  all  the  counties  in 
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the  western  half  of  the  state,  the  descent  has  been  undertaken  and 
accomplished,  and  records  more  or  less  complete  have  been  furnished  of 
the  strata  traversed  by  the  drill* 

It  remains  to  give  an  account  of  the  only  two  successful  attempts 
to  reach  the  Trenton  limestone  from  territory  occupied  by  Subcarbo- 
niferous  and  Carboniferous  rocks.  In  Huron  and  Richland  counties, 
wells  located  upon  or  within  the  outcrops  of  the  Berea  grit,  have  been 
sunk  to  the  Trenton  limestone,  and  in  Lawrence  county  the  still  more 
difficult  task  of  reaching  it  from  the  horizon  of  the  Lower  Coal  Measures 
has  been  accomplished. 

Huron  County. 

Plymouth. 

A  company  was  organized  at  Plymouth  in  the  early  summer  of 
1886  to  test  the  rooks  underlying  the  town  as  to  their  gas-bearing  char-, 
acter.  Work  was  begun  soon  thereafter,  and  was  continued  without 
prolonged  interruption  for  nearly  one  year,  or  until  May  6, 1887,  when 
drilling  was  suspended  at  a  depth  of  8,020  feet.  The  Trenton  limestone 
was  reached  on  April  27,  1887,  at  a  depth  of  2,900  feet,  or  1,910  feet 
below  tide.  The  level  of  the  well-head  is  990  feet  above  tide.  The 
record  is  as  follows : 

Drift. 12  feet. 

Berea  grit 40    " 

White  shale  (soapstone)  1  -o^t^^  om  '« 

Red  rock 170  ft.}  ^^'^"^ ^^^ 

Black  and  blue  shales  alternating  (Ohio  shale) 488  " 

Devonian  and  Upper  Silurian  limestones *. 910  " 

Shales,  blue  and  red  (Clinton  in  part?  and  Medina) ~     260  " 

Shales,  gray  and  blae  (Hadson  River) 600  " 

Shales,  dark  and  finally  black  (Utica) 640  " 

Trenton  limestone,  struck  at »  2,900  " 

Trenton  limestone 120  " 

Well  finished  at 8,020  " 

Salt  and  sulphurous  water  was  struck  at  850  feet.  The  well  was 
cased  at  916  feet,  and  strange  to  say,  this  casing  protected  the  well  to 
the  end  of  the  drilling.  The  Utica  shales  have  an  excessive  thickness, 
the  largest  measure,  in  fact,  recorded  in  the  state.  The  entire  shale 
series,  Medina,  Hudson  and  Utica,  aggregate  1,390  feet.  This  is  a 
greater  measure  by  about  300  feet  than  could  have  been  expected  from 
any  previous  records  in  this  general  region. 

The  Trenton  limestone  was  particularly  dry.  Its  composition  is  as 
oUows :    {Lard.) 
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Carbonate  of  lime 67.60 

Carbonate  of  magnesia. 11.40 

Oxide  of  iron  and  alumina 2.60 

Insoluble  matter- 16.60 

The  barrenness  of  the  rock  is  sufficiently  explained  by  this  result. 

There  was  nothing  to  break  the  monotony  of  the  descent,  and  it 
required  great  courage  and  persistency  to  keep  the  tools  in  motion.  It 
is  to  the  credit  of  the  company  that  they  held  out  to  the  end.  The 
record  of  the  well,  careful  and  accurate  as  it  is  known  to  be,  is  certainly 
valuable  for  instruction,  and  deserves  to  be  well  considered  by  the  towns 
that  lie  still  farther  east  before  they  undertake  an  even  longer  descent 
than  Plymouth  was  required  to  make. 

Dr.  R.  D.  Sykes  took  the  temperature  of  the  well  at  various  depths 
with  the  following  results,  viz. : 

7U^  F.  at - 1,400  feet 

90|^F.  at 2,800    " 

92t«F.  at -8,000    " 

Of  the  methods  employed  in  the  observations  no  notes  are  at  hand. 
The  increase  is  below  the  normal  rate. 

Richland  County. 
Crestline. 

Of  the  deep  well  drilled  at  Crestline,  our  knowledge  is  less  com- 
plete, but  the  essential  facts  are  as  follows :  The  well-head  was  about 
1,155  feet  above  tide,  and  the  surface  of  the  Trenton  limestone,  which 
was  struck  at  2,832  feet,  is  about  1,677  feet  below  tide. 

The  following  record,  furnished  by  Mr.  J.  H.  Taylor,  who  had  super- 
vision of  the  drilling,  puts  the  leading  facts  as  to  the  strata  traversed  in 
clear  light.    The  record  is  as  follows  : 

1.    Drift.. 27  feet. 

8.    White  shale— black  at  bottom  (Onyahoga  and  Berea  shales)..      86    " 
8.    Berea  grit— with  salt-water ; 27    " 


4.  White  shale  1 

6.  Red  shale 

6.  White  shale 

7.  Black  shale 

8.  White  shale 

9.  Black  shale 

10.  White  shale 

11.  Limestones 
18.  White  shale 
18.  Red  shale 
14.  Gray  sand     . 


66 

80 

90 

Ohio  shale,  606  feet... ..! !.!!.' !!..'.7.!.!!!  60 

66 

868 

60 

866 

f 86 

Devonian  and  Upper  Silurian,  918  feet^ 80 

80 


16.    Red  shale*  very  gritty  (Medina) 176 
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16.  Gray  Bhale 60  feet. 

17.  Brown  shale  (Hudson  River) 696    " 

18.  Black  shale 312    *• 

19.  Trenton  limestone,  struck  at  2,832  feet 32    *' 

Depth  of  well 2,864    « 

Salt-water  was  struck  at  920  feet  from  the  surface,  or  162  feet  below 
the  top  of  the  great  limestone  series. 

The  Trenton  limestone  is  reported  as  very  dark.  It  was  entirely 
unproductive. 

Summarized,  the  section  is  as  follows,  viz. : 

Ohio  shale 608  feet. 

Upper  limestones 912    " 

Lower  shales 1,142    ^* 

The  records  now  given  mark  the  most  eastwardly  points  to  which 
the  Trenton  limestone  has  been  traced  in  wells.  These  wells  have  been 
quite  expensive,  and  any  drilled  still  farther  east  must  be  still  more  so^ 
It  is  obvious  that  there  is  nothing  whatever  in  the  records  to  encourage 
further  explorations  of  this  sort. 

The  Trenton  limestone  has  been  followed  far  beyond  its  productive 
fields  in  this  direction  already.  Even  if  it  were  of  the  right  chemical 
composition  for  an  oil-rock,  it  would  be  quite  certain  to  be  buried  in  a 
flood  of  salt-water  at  these  low  levels. 

The  Ironton  Weli. 

The  record  of  the  Ironton  well  (in  the  Ohio  Valley,  in  Lawrence 
county),  upon  which  a  large  expenditure  has  been  made,  is  of  consider- 
able interest,  as  marking  the  deepest  point  at  which  the  Trenton  lime- 
stone has  been  reached  in  the  state.  It  seems  probable  that  this  great 
stratum  v/as  struck  at  the' depth  of  3,240  feet.  The  upper  portion  of  the 
record  is  very  clear  and  intelligible,  but  the  record  of  the  lower  half  is 
less  satisfactory.  The  latter  condition  results  from  lack  of  material  and 
not  from  any  anomalous  or  unexpected  facts.  The  section  appears  to 
be  normal  throughout. 

The  well  was  begun  in  the  Conglomerate  Coal  Measures  near  the 
upper  Mercer  coal  level,  and  145  feet  below  the  level  of  the  Ferriferous 
limestone.  It  is  a  little  less  than  550  feet  above  tide.  It  was  drilled 
by  the  Belf  Iron  Company,  who  did  not  begrudge  a  large  expenditure 
in  making  a  full  test  of  their  own  situation  with  reference  to  the  nat- 
ural gas  supplies  that  they  need  so  much.  The  work  was  begun  in 
1885,  and  drilling  has  been  going  forward  until  the  summer  of  1887, 
with  occasional  interruptions  from  lost  tools. 
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It  was  not  originally  directed  to  the  Pindlay  gas  rock,  but  it  was 
simply  drilled  to  test  the  ordinary  range  of  rocks  of  this  region.  After 
the  Berea  grit,  which  was  struck  at  1,028  feet,  had  proved  unproductive, 
the  bold  plan  was  formed  of  drilling  the  well  to  the  Trenton  limestone, 
this  last  horizon  having  become  prominent  at  this  time.  The  record  is 
as  follows : 

1.  Surface  and  shales -  65  feet. 

2.  Sandstone -  14    " 

3.  Goal,  thin;  at  79  feet,  \  q     » 

4.  Fire-clay,  /  -        * 

6.  Blue  shale 112  " 

6.  Conglomerate  stratam 8  *' 

7.  Blue  shale -  80  " 

8.  Hard  white  sandstone 10  " 

9.  Dark-blue  shale 40  " 

10.  Sandstone  and  conglomerate,  with  many  alternations 800  '* 

11.  Blue  shale 80  " 

12.  Dark  sandstone,  fine-grained 80  ** 

18.  Blue  shale,  with  occasionally  thin  courses  of  sandstone 848  " 

14.  Black  shale 20  " 

15.  White  sandstone,  fine-grained 47  " 

16.  Shales 60  " 

17.  Sandstone 15  " 

18.  Red  shale 15  " 

19.  Dark  shale,  mainly  black 570  " 

20.  light-blue  shale,  alternating  with  black 110  " 

21.  Limestone  of  various  shades  and  grades 584  '' 

22.  Green  shales,  interbedded  with  red  rock 886  *' 

28.  Shales,  with  limestone  bands 695  '* 

24.  Trenton  limestone  counted  as  beginning  here 8,440    " 

25.  Drilling  suspended  at. 8,600    ** 

The  interpretation  of  this  long  record  is  for  the  most  part  obvious 
and  unmistakable. 

The  Coal  Measure  Conglomerate  and  the  Logan  Conglomerate  appear 
to  be  blended  in  one  great  series,  No.  10.  In  No.  13  the  Cuyahoga  shale 
is  distinctly  shown  in  normal  measure  and  character.  In  No.  14  the 
Berea  shale  appears  in  its  usual  place,  overlying  the  fierea  grit,  No.  16. 
In  No.  18  we  find  the  red  Bedford  shale  overlying  700  feet  of  the  Ohio 
shale  series.  The  limestone  series  that  comes  next  consists  of  the  Wat- 
erlime,  Niagara  and  Clinton  limestones.  Possibly  the  Corniferous  is 
also  present  here.  The  section  has  just  half  the  thickness  that  the 
same  strata  show  in  the  northern  counties  of  the  state.  In  No.  22  we 
find  the  Clint  n  and  Medina,  and  probably  the  beginning  of  the  Hudson 
River  shales.    The  Utica  is  not  distinguished  in  the  drilling.    This 

20         G. 
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part  of  the  well  was  drilled  wet,  it  haying  been  found  impracticable  to 
exclude  the  deepest  lying  salt-water.  The  Trenton  limestone,  as  iden- 
tified here,  agrees  in  physical  characters  with  the  known  samples  of 
this  rock  from  other  counties  of  southern  Ohio.  It  is  a  whitish,  flaky 
limestone,  quite  silicious  in  composition,  and  altogether  lacking  in  the 
characteristics  of  an  oil  or  gas-rock.  The  determination  of  the  Trenton 
limestone  is  not  confidently  made.  Black  shale  was  struck  below  3,440 
feet,  and  it  is  quite  possible  that  the  stratum  counted  Trenton  is  one  of 
the  limestone  belts  enclosed  in  the  Utica  shale.  These  Utioa  limestones 
are  of  the  same  character  as  the  Trenton.  In  any  case,  the  Trenton  is 
not  far  from  the  bottom  of  this  well.  It  is  nearly  3,000  feet  below  tide. 
The  record  can  be  condensed  as  follows  : 

Goal  Measares 282  feet 

Logan  group  and  Cuyahoga  shales. 728    " 

Berea  grit 47    " 

Bedford  and  Ohio  shales 770    " 

Upper  Silurian  limestone 684    " 

Medina,  Hudson  River  and  Utica  shales 1,000  to  1,100    '* 

This  is  decidedly  the  deepest  well  ever  drilled  in  Ohio,  and  it  is  a 
matter  of  great  interest  and  importance  to  find  as  we  do  that  under  this 
deepest  cover,  the  various  divisions  retain  the  same  characteristics  as  in 
their  several  outcrops. 

This  well  was  altogether  experimental  in  its  character.  When  it 
was  decided  by  the  company  to  push  a  well  down  to  the  Pindlay  hori- 
zon, while  there  was  not  a  single  fact  from  all  the  experience  then  in 
hand  to  warrant  any  expectation  of  success,  neither  was  there  anything 
to  condemn  the  scheme  as  sure  to  result  in  failure.  At  the  present 
time  the  facts  have  taken  the  latter  complexion,  and  it  can  be  posi- 
tively asserted  that  the  Trenton  limestone  of  the  Ohio  Valley  is  not  a 
reservoir  of  petroleum  to  any  such  extent  as  to  justify  the  drilling  of 
deep  wells  to  reach  it. 


Summary. 


The  leading  facts  in  a  remarkable  history  have  now  been  stated. 
Within  the  last  three  years  a  new  horizon  of  petroleum  and  the  gas 
that  originates  from  it  has  been  brought  to  light,  a  horizon  which  bids 
fair  to  be  the  most  prolific  single  source  of  gas  and  oil  that  has  yet  been 
discovf^red  in  this  country.  The  discovery  comes  from  an  unexpected 
quarter,  viz.,  from  the  ^*  black  swamp "  of  old  time  of  northwestern 
Ohio.    Under  its  broad  and  level  expanses,  a  few  hundred  square  miles 
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have  been  found,  distributed  through  portions  of  five  counties,  within 
which  are  contained  fountains  of  oil  and  reservoirs  of  gas  of  infinitely 
more  value  than  any  like  accumulations  hitherto  discovered  m  the 
state,  and  fully  deserving  a  place  among  the  most  valued  repositories 
of  these  substances  in  any  quarter  of  the  world. 

The  good  fortune  of  Findlay  and  Lima  has  had  a  wonderful  efiect, 
not  only  upon  the  towns  directly  surrounding  them,  but  upon  all  adja- 
cent regions,  and  even  upon  entire  states.  Many  hundreds  of  thou- 
sands of  dollars  have  been  already  spent  in  drilling  wells  to  the  Findlay 
gas-rock  throughout  Ohio,  Indiana,  Kentucky  and  Michigan,  and  even 
far  beyond  the  limits  of  these  staties.  Indiana  has  developed  a  gas-field 
in  this  horizon,  which  is  in  reality  a  bodily  extension  of  the  Ohio 
field,  but  which  greatly  exceeds  tbe  latter  in  area  and  perhaps  also  in 
intrinsic  value.  Beyond  the  districts  already  indicated  in  Ohio  and 
the  one  now  named  in  Indiana,  however,  there  has  been  no  adequate 
return  for  the  large  amount  of  money  spent  in  exploration.  In  fact, 
the  productive  areas  make  but  a  small  and  almost  an  insignificant  frac- 
tion of  the  entire  territory  that  has  been  tested. 

How  are  these  invaluable  accumulations,  so  limited  and  apparently 
so  capricious  in  their  distribution,  to  be  explained  ?  The  answer  to 
this  question,  so  far  as  it  can  now  be  given,  is  to  be  found  in  the  pre- 
ceJing  pages  of  this  chapter.  The  facts  that  are  gathered  there  will  be 
found  to  make  an  important  contribution  to  our  knowledge  of  the 
modes  of  accumulation  of  oil  and  gas.  There  is  a  simplicity  of  struc- 
ture in  the  new  field  that  is  not  paralleled  in  any  of  the  productive  areas 
hitherto  reported  upon.  The  conditions  of  accumulation  are  so  obvious 
that  he  who  runs  may  read  them.  For  missing  the  true  interpreta- 
tion, there  would  scarcely  be  excuse. 

The  leading  facts  pertaining  to  the  field  can  be  summarized  as 
follows : 

1.  In  fourteen  of  the  northwestern  counties  of  Ohio  (and  like  con- 
ditions prevail  in  contiguous  territory  in  Indiana),  the  upper  beds  of 
the  Trenton  limestone,  which  lie  from  1,000  to  2,000  feet  below  the  sur- 
face, have  a  chemical  composition  different  from  that  which  generally 
characterizes  this  great  stratum.  They  are  here  found  as  dolomite  or 
magnesian  limestone  instead  of  being,  as  usual,  true  carbonate  of  lime. 
Their  percentage  of  lime,  in  other  words,  ranges  between  60  and  60 
per  cent,  instead  of  between  80  and  90  per  cent.,  as  in  the  formation  at 
large.  These  dolomites  of  northwestern  Ohio  are  mainly  quite  free 
from  silicious  impurities.  The  dolomitic  composition  seems  to  have 
resulted  from  an  alteration  of  a  true  limestone.  At  least  the  occasional 
masses  of  true  limestones  charged  with  fossils,  that  are  found  on  the 
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horizon  of  and  surrounded  by  the  dolomite,  are  best  explained  on  this 
supposition.  In  the. change  which  has  been  undergone,  the  fossils 
which  the  original  limestones  contained  appear  to  have  been  for  the 
most  part  discharged  or  rendered  obscure,  as  is  usual  in  this  metamor- 
phosis. The  crystalline  character  of  the  dolomite  is  often  very 
marked,  and  there  results  from  it  a  peculiarly  open  or  porous  structure. 
Its  storage  capacity  is  much  greater  than  that  of  ordinary  oil  sand- 
stones and  conglomerates,  so  far  at  least  as  pores  visible  to  the  unaided 
eye  are  concerned.  The  change  usually  extends  for  ten  to  thirty  feet 
below  the  surface  of  the  formation.  In  some  cases,  however,  sheets  of 
porous  dolomite  are  found  as  low  as  fifty  feet  and  very  rarely  as  low  as 
100  feet  below  the  surface. 

The  area  occupied  by  this  dolomitic  phase  of  the  Trenton  lime- 
stone in  Ohio  has  already  been  indicated.  The  eastern  and  the  southern 
boundaries  pass  through  Lucas,  Wood,  Hancock,  Allen,  Auglaize 
and  Mercer  counties.  It  is  possible  that  the  line  crosses  some  parts 
of  Ottawa,  Wyandot  and  Hardin  counties. 

There  is  good  reason  to  believe  that  this  phase  extends  far  to  the 
northward  and  westward,  outside  of  the  state  limits  to  which  it  has  here 
been  traced.  We  know  that  the  Trenton  limestone  is  a  dolomite  when 
it  pitches  rapidly  down  from  the  northern  boundary  of  Ohio  to  make 
the  low-lying  floor  of  the  Michigan  coal  basin,  and  we  also  know  that . 
it  is  a  dolomite  when  it  rises  from  under  that  coal  basin  as  a  surface 
rock  of  the  northern  peninsula.  In  like  manner,  it  is  a  dolomite  when 
it  leaves  the  western  boundary  of  the  state  under  deep  cover,  and  it  is 
a  dolomite  when  it  reaches  the  surface  once  more  in  the  Galena  dis- 
trict of  Illinois  and  Wisconsin. 

South  of  the  line  laid  down  in  Ohio,  there  has  not  thus  far  been 
found  a  trace  of  the  porous  dolomite  on  which  the  oil  of  Lima  and  the 
gas  of  Findlay  depend.  The  change  is  seen  to  be  taking  place  in 
Shelby  and  Logan  counties,  but  beyond  them  the  Trenton  limestone  is 
invariably  found  with  a  percentage  of  more  than  75  per  cent,  of  car- 
bonate of  lime,  and  rarely  with  less  than  10  per  cent,  of  silicious  impu- 
rities. It  is  this  last  element,  with  but  little  doubt,  that  has  resisted 
the  dolomitization  of  the  stratum  throughout  the  southwestern  quarter 
of  the  state  and  in  all  contiguous  territory. 

To  the  eastward  of  the  line  laid  down  in  northern  Ohio,  a  less  defi- 
nite boundary  is  to  be  looked  for.  It  is  quite  probable  that  small  areas 
of  porous  dolomite  will  be  found  beyond  the  line  here  recognized  as  the 
termination  of  the  Findlay  phase  of  the  Trenton  limestone.  More 
chemical  work  is  needed  in  this  direction,  but  thus  far  there  are  no  ex- 
ceptions known  to  the  statements  made  above. 
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Within  the  limits  named,  the  limestone  of  course  has  a  consider- 
able variety  of  grain  and  texture,  but  all  of  the  analyses  obtained 
show  the  stratum  to  be  in  the  main  a  dolomite.  As  already  stated, 
there  are  occasional  patches  or  islands  of  true  limestone  in  this  sea  of 
dolomite. 

2.  A  porous  rock,  buried  1,000  to  2,000  feet  below  the  surface  of 
northwestern  Ohio,  will  not  be  found  empty.  Nature  abhors  a  vacuum. 
With  what  will  its  pores  be  filled?  Mainly  with  salt-water  of  peculiar 
composition,  possibly  representing  the  brine  of  the  ancient  seas  in 
which  the  limestone  was  laid  down.  Ninety-nine  hundredths,  or  per- 
haps nine  hundred  and  ninety-nine-tbousandths  of  the  limestone  will 
be  thus  occupied.  The  remaining  hundredth  or  thousandth  will  be 
filled  with  the  petroleum  and  gas  which  have,  in  the  long  course  ot  the 
ages  that  have  passed,  been  gathered  from  a  wide  and  general  distribu- 
tion through  the  water  into  certain  favored  portions  of  the  great  lime- 
stone sheet. 

3.  This  salt-water  will  be  held  under  artesian  pressure.  The 
porous  limestone  containing  it  rises  to  day  in  Michigan  and  Illinois, 
communicatiDg  there  with  surface  waters.  The  pressure  of  this  head 
of  water  will  be  felt  through  every  portion  of  the  porous  rock,  and  when 
the  stratum  is  pierced  by  the  drill  in  the  areas  that  are  thus  occupied, 
the  salt-water  will  rise  with  more  or  less  promptness,  depending  on  the 
varying  degrees  of  porosity  in  the  rock.  The  height  to  which  the  water 
will  rise  will  seem  to  vary  in  wells,  by  reason  of  the  different  elevations 
of  the  locations  at  which  they  are.  drilled,  but  with  reference  to  sea- 
level,  the  water  columns  will  be  found  to  closely  agree. 

The  same  artesian  pressure  accounts  for  the  force  with  which  oil  and 
gas  escape  when  their  limited  reservoirs  in  the  porous  rock  are  tapped  by 
the  drill. 

4.  The  accumulation  of  oil  and  gas  in  the  porous  rock  depends 
altogether  upon  the  attraction  of  gravitation.  The  lighter  portions  of 
the  contents  of  the  porous  rock,  viz.,  oil  and  gas,  are  forced  by  gravita- 
tion into  the  highest  levels  that  are  open  to  them.  Everything  turns 
on  the  relief  of  the  Trenton  limestone.  The  gas  and  oil  are  gathered 
in  the  arches  of  the  limestone,  if  such  there  are.  In  default  of  arches, 
the  high-lying  terraces  are  made  to  serve  the  same  purpose,  but  the  one 
indispensable  element  and  condition  of  all  accumulation  is  relief.  A 
uniform  and  monotonous  descent  of  the  strata  is  fatal  to  accumulation 
of  oil  and  gas  where  everything  else  is  favorable.  The  sharper  the 
boundaries  of  the  relief,  the  more  efficient  does  it  become.  Absolute 
elevation  is  not  essential ;  all  that  is  required  is  a  change  of  level  in 
the  porous  rock.    Each  division  of  the  field  has  its  own  dead  line  or 
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salt-water  line.  Salt  water  reigns  universal  in  the  Findlay  field  500 
feet  below  sea-level,  except  where  some  minor  local  wrinkle  may  give 
a  small  and  short-lived  accumulation  of  oil  or  gas.  In  the  Lima  field 
the  salt-water  line  has  risen  to  400  feet  below  tide ;  in  the  St.  Mary's 
field  to  300  feet  below  tide,  and  in  the  Indiana  field  to  100  feet  below 
tide.  These  figures  stand  in  every  case  for  the  lower  limit  of  produc- 
tion, with  the  possible  minor  exceptions  already  noted.  The  rock- 
pressure  of  the  gas  decreases  to  the  westward  in  proportion  to  this  de- 
creasing head  of  water-pressure. 

The  large  accumulations  are  derived  from  the  large  terraces.  The 
Findlay  terrace,  for  example,  consists  of  a  very  flat-lying  tract,  ten  or 
twelve  miles  across  in  an  east  and  west  line,  from  which  the  connected 
areas  of  the  Trenton  limestone  slope  on  every  side,  and  to  which,  therefore, 
they  are  necessarily  tributary.  The  gas  terrace  of  Indiana  is,  by  far, 
the  largest  of  these  several  subdivisions  of  the  field.  The  minor  eleva^ 
tions  of  Oak  Harbor,  TiflBn  and  Bryan,  for  example,  give  rise  to  the 
local  supplies  of  gas  or  oil  in  these  districts  respectively. 

It  is  certain  that  all  the  considerable  areas  of  productive  dolomite, 
that  is,  of  the  porous  phase  of  the  Trenton  limestone  lying  relatively 
high  enough  to  accumulate  gas  and  oil,  have  already  been  discovered. 
The  map  showing  the  relief  of  this  formation,  page  47,  sets  this  fact  in 
clear  light.  Nor  does  there  seem  room  for  many  minor  arches  of  im- 
portance. The, productive  field  as  now  defined  can  be  well  enough 
extended  by  a  few  square  miles  on  this  side  or  on  that,  but  these  addi- 
tions can  scarcely  change  its  general  poportions. 

Some  scanty  production  can  be  obtained  outside  the  dolomitic 
limits  already  laid  down,  but  it  will  be  remembered  that  there  is  more 
or  less  magnesia  in  the  limestone  around  the  borders  of  the  true  field, 
and  is  quite  possible  that  this  production  is  in  proportion  to  the  amount 
of  dolomite  in  the  rock. 


The  general  structure  and  arrangement  of  the  Trenton  limestone 
in  Ohio  have  been  abundantly  indicated  in  the  data  already  given,  but 
they  are  still  further  shown  on  the  appended  sheet  of  sections.  The  sec- 
tions were  prepared  two  years  since,  and  though  the  main  features  are  un- 
changed, some  of  the  representations  do  not  exactly  agree  with  present 
knowledge. 


THE  BEREA  GRIT  AS  A  SOURCE  OF  OIL  AND  GAS  IN  OHIO. 


Bt  Edwabd  Obton. 


I.    8TRATIGRAPHI0AL  RELATIONS. 

The  Berea  grit  holds  as  central  a  place  in  eastern  Ohio  with  refer- 
ence to  oil  and  gas  production  as  the  Trenton  limestone  does  in  western 
Ohio. 

As  already  described  in  Chapter  I,  page  35,  it  is  a  clean  and  sharp 
sandstone  of  medium  grain  in  its  northern  exposures.  The  layers  of  the 
formation  are  sometimes  separated  by  thin  carbonaceous  films  mainly 
derived  from  marine  vegetation,  but  occasionally  fragments  of  carbonized 
tree  growths  are  found  in  the  same  position.  There  is  in  the  formation 
a  thin  conglomerate  streak  that  can  be  followed  steadily  through  several 
counties,  the  pebbles  of  which  are  mainly  quartz,  and  which  range  from 
one  inch  in  diameter  downwards. 

The  sandstone  grows  steadily  finer  as  it  is  followed  southward  from 
northern  Ohio,  and  at  the  same  time  it  becomes  more  impure,  but  even 
in  the  Ohio  Valley  it  does  not  lose  the  character  of  a  grindstone  grit. 

It  ranges  in  thickness  from  five  to  one  hundred  feet  in  outcrop.  A 
single  section  is  reported  in  Lorain  county,  in  which  170  feet  of  uninter- 
rupted sandstone  were  found  by  the  drill.  Under  moderate  cover  in  the 
Mahoning  Valley,  nearly  as  great  a  measurement  is  found.  Though 
this  horizon  is  subject  to  frequent  and  sudden  changes,  it  seldom  fails 
altogether.  Its  line  of  junction  with  the  underlying  shale  is  very  uneven 
and  irregular,  owing  to  erosion  sustained  by  the  formation  immediately 
preceding  the  deposition  of  the  sandstone.  Channels  and  holes  were 
worn  in  the  shale  into  which  was  dropped  the  sand  of  which  the  Berea 
grit  is  composed.  The  sandstone  sometimes  descends  forty  or  fifty  feet 
in  these  channels,  in  less  than  200  feet.  This  irregularity  extends,  how- 
ever only  to  the  bottom  of  the  stratum.  The  upper  surface  is  approxi- 
mately even  and  regular. 

From  the  shore  of  Lake  Erie  near  Cleveland,  its  outcrop  passes 
southward  and  westward  with  a  breadth  varying  between  one  and  ten 
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miles  through  Cuyahoga,  Erie,  Huron,  Richland,  Crawford,  Morrow, 
Delaware,  Franklin,  Pickaway,  Robs,  Pike,  Highland,  Adams  and  Scioto 
countie8*to  the  Ohio  Valley.  It  is  almost  everywhere  distinct  and  un- 
mistakable, and  gives  rise  to  a  large  number  of  quarries  sm.ill  and  great 
along  the  line. 

From  Cleveland  eastward  through  Geauga  and  Trumbull  counties, 
the  formation  has  not  yet  been  identified  at  all  points  as  clearly  and 
distinctly  as  elsewhere,  but  it  is  safe  to  say  that  it  extends  throughout 
this  territory  with  characteristics  but  little  changed  from  those  found 
in  the  localities  mentioned. 

It  reaches  its  highest  elevation  in  the  Sunfish  Hills  of  Pike  and 
Highland  counties,  where  it  is  a  little  more  than  1,300  feet  above  tide. 
In  Adams,  Scioto  and  Ross  counties  also,  it  reaches  nearly  the  same  eleva- 
tion. The  western  outcrop  in  Franklin  county  is  about  850  feet  above 
the  sea,  while  at  Sunbury,  in  Delaware  county,  the  western  outcrop  is 
about  950  feet  above  the  sea ;  but  the  stratum  rises  again  to  the  north- 
ward on  the  main  water-shed  of  the  state.  In  Richland  and  Crawford 
its  western  outcrop  is  about  1,125  feet  above  tide.  At  the  quarries  of 
Brownhelm  and  Berlin  Heights,  it  has  an  altitude  of  a  little  more  than 
800  feet,  while  at  Berea  its  elevation  approximates  780  feet.  The  upper 
surface  ot  the  formation  is  counted  in  these  measurements. 

From  the  line  of  outcrop  already  given  the  stratum  dips  prevailingly 
'  to  the  southeast  and  south,  the  descent  ranging  from  fifteen  to  fifty  feet 
per  mile.  Its  lowest  levels  are  found  under  deep  cover  in  the  Ohio  Val- 
ley between  Marietta  and  Steubenville.  The  lowest  recorded  levels  are 
about  800  feet  below  tide ;  its  vertical  range  is  thus  seen  to  be  at  least 
2,100  feet. 

It  is  geologically  due  in  fifty  counties  of  Ohio,  and  it  is  entirely  safe 
to  say  that  it  is  present  in  everyone,  inasmuch  as  its  presence  has  been 
proved  in  all  of  those  in  regard  to  which  a  question  might  most  easily 
be  raised.  In  a  number  of  counties  where  it  lies  deepest  it  has  been 
found  in  hundreds  of  drill-holes.  Its  areas  above  and  below  the  surface, 
or  in  other  words,  in  outcrop  and  under  cover,  are  shown  in  the  accom- 
panying sketch  map.    A  larger  map  also  accompanies  this  volume. 

The  stratigraphical  relations  of  the  Berea  grit  in  the  Ohio  scale  are 
«uch  that  it  is  easy  to  follow  it  with  entire  confidence  and  certainty,  not 
only  through  all  its  outcrops  from  Lake  Erie  to  the  Ohio  Valley,  but 
under  the  deepest  cover  as  well. 

Although  the  marks  by  which  it  can  be  recognized  have  been  re- 
peatedly described,  they  need  to  be  re-stated  in  this  connection.  The 
Berea  grit  is  the  first  regular  sandstone  to  be  reached  in  ascending  the 
geological  column  of  Ohio,  and  by  the  same  token  the  last  regular  sand 
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stone  found  in  descending  the  scale.  The  Hillsborough  sandstone,  the 
Sylvania  sandstone,  and  the  Upper  Helderberg  sandstone,  occur  in  in- 
frequent and  irregular  deposits,  interstratified  with  the  limestones  to 
which  they  respectively  belong,  and  while  they  appear  in  one  section, 
they  are  wanting  in  a  thousand.  The  Berea  grit,  on  the  other  hand,  is 
absolutely  continuous,  and  is  always  definitely  characterized  as  a  sand- 
stone. It  overlies  the  greatest  shale  formation  of  the  entire  state,  viz., 
the  Ohio  shales,  which,  taken  together,  range  in  thickness  from  300  to 
2,000  feet.  The  Bedford  shale  is  blue,  or  red  in  color,  the  latter  color 
being,  whenever  it  occurs,  an  excellent  mark  of  the  formation.  The 
Ohio  shale  consists  of  interstratified  black  and  blue  or  gray  bands.  This 
is  the  series  that  is  found  below  the  Berea  grit.  The  formation  is  as 
definitely  marked  by  the  strata  that  cover  it.  Its  immediate  roof  is  the 
Berea  shale,  a  firm,  fine-grained,  highly  petroliferous  black  shale,  the 
lower  part  of  which  generally  carries  a  pyritous  band  of  a  few  inches 
or  one  or  two  feet  in  thickness,  and  which  is  excessively  hard. 

In  thickness  the  Berea  shale  ranges  from  ten  to  fifty  feet.  Above 
the  Bere^  shale  is  found  the  Cuyahoga  shale,  light-colored  and  compact, 
throughout  which  occasional  courses  of  sandstone  of  fine  or  medium 
grain  are  distributed.  There  is  generally  an  accumulation  of  the  sand- 
stone at  or  near  the  base  of  the  formation.  It  thus  frequently  happens 
that  there  is  a  sandstone  course  overlying  the  Berea  shale,  as  well  as  the 
sandstone  formation  that  underlies  it.  The  Cuyahoga  shale  has  a  thick- 
ness of  150  to  500  feet.  The  usual  figures  are  about  350  feet.  The  Cuya- 
hoga and  Berea  shales,  taken  together,  are  second  only  in  importance 
to  the  great  series  of  shale  deposits  that  underlie  the  Berea  grit.  Above 
the  Cuyahoga,  the  Logan  group  is  found,  which  is  composed  of  sand- 
stones, conglomerates  and  shales,  the  sandstones  and  conglomerates 
being  the  more  characteristic  formations. 

It  is  thus  seen  that  the  setting  of  the  Berea  grit  is  very  effective' 
as  far  as  affording  means  for  recognizing  and  identifying  the  stratum 
are  concerned.  It  lies  buried  in  a  composite  mass  of  shales,  and  in  the 
largest  part  of  the  area  occupied  it  is  absolutely  the  only  sandstone 
that  belongs  in  this  portion  of  the  scale.  There  is  no  stratum  that  can 
dispute  with  it  the  place  in  which  it  occurs.  More  than  this,  the  roof 
of  the  sandstone  is  black  and  hard,  while  the  floor  is  always  soft  and 
often  red. 

In  northeastern  Ohio  the  series  is  somewhat  complicated,  both  in 
outcrop  and  under  cover,  but  there  are  points  enough  here  to  afford 
means  for  safe  identification  in  most  instances. 

Along  its  outcrop,  throughout  the  drift-covered  portions  of  the  state. 
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the  Berea  grit  itself  makes  the  summit  of  the  sections  to  which  it  be- 
loDgs.  The  soft  cover  of  the  Cuyahoga  shale  has  given  way  under 
glacial  erosion  in  most  instances,  leaving  the  sandstone  projecting  as  a 
terrace  on  its  western  boundary.  This  state  of  things  has  greatly  facili- 
tated the  working  of  the  sandstone  as  a  quarry  rock. 

A  number  of  sections  taken  along  one  marginal  and  three  radial 
lines,  that  is,  either  on  the  outcrop  of  the  Berea  grit,  or  that  extends 
from  the  outcrop  towards  the  interior  of  its  field,  will  here  be  introduced 
in  illustration  of  the  statements  already  made.  These  sections  are 
mainly  derived  from  the  records  of  the  deep  wells  that  have  been 
recently  drilled  for  oil  and  gas  so  extensively  through  the  eastern  portion 
of  the  state.  Beginning  on  the  western  outcrop  of  the  formation,  we 
find  an  excellent  series  of  sections  available  on  an  approximately  north 
and  south  line  extending  from  the  lake  to  the  Ohio  Valley  through  the 
counties  ol  Erie,  Huron,  Richland,  Knox,  Licking,  Fairfield,  Vinton, 
Jackson  and  Lawrence.  This  series  is  indicated  on  the  accompanying 
map  of  ^the  Berea  grit  territory  as  line  A,  and  the  sections  are  all  ap- 
proximately marginal. 

A.  (1)  At  Berlin  Heights,  in  Erie  county,  there  is  a  largely 
worked  exposure  of  the  Berea  grit  three  or  four  miles  back  from  the 
shore  of  Lake  Erie.  It  constitutes,  in  fact,  the  best  known  head-land 
of  this  entire  portion  of  the  state.  The  formation  here  has  a  thickness 
ranging  between  forty  and  fifty  feet,  and  it  is,  in  all  respects,  normal. 
It  is  underlain  by  the  Bedford  shale,  which  here  displays  its  character- 
istic red  color.  From  the  Berea  grit  to  the  Devonian,  limestone  that 
crops  out  a  few  miles  to  the  westward,  the  vertical  interval  in  this  dis- 
trict is  about  600  feet,  as  has  been  proved  by  a  number  of  wells  that 
have  recently  been  drilled.  This  interval  consists,  after  the  red  Bed- 
ford is  passed,  of  an  alternating  series  of  black  and  blue  shales.  The 
Berea  grit  can  be  followed  Eouthward  without  diflSculty  or  question 
entirely  through  Erie  and  Huron  counties.  It  forms  the  surface  rock 
through  all  this  region,  and  is  worked  in  a  large  number  of  local  quarries 
along  the  line. 

(2)  At  Plymouth,  on  the  south  line  of  Huron  county,  it  goes  under 
the  surface,  its  uppermost  beds  lying  level  with  the  bed  of  the  Huron 
river.  A  well  recently  drilled  in  this  town  has  furnished  the  following 
record,  viz. : 

Drift 12  feet 

Berea  grit 40    " 

White  soapstone 42    " 

Bed  rock  and  brown  shale  (Bedford  and  top  of  Ohio  shale) 170    " 

Black  shale  alternating  with  blue 478    " 
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The  thick QOBs  of  the  shales  that  occupy  the  interval  between  the 
Berea  grit  and  the  limestone  is  here  648  feet,  but  as  will  presently  be 
shown,  the  lowermost  40  feet  may  possibly  be  referred  to  the  limestone 
series.  The  top  of  the  Berea  is  about  990  feet  above  tide  at  Plymouth, 
lying  as  it  does  on  the  low  arch  that  forms  the  west  line  of  northeastern 
Ohio.  In  this  record,  as  in  similar  ones  that  are  to  follow,  the  drillers' 
terms  and  divisions  will  be  mainly  followed,  but  they  will  be  inter- 
preted as  far  as  is  necessary  by  the  introduction  of  the  geological  names 
of  the  formations  represented.  At  Shelby,  ten  miles  south,  the  sand- 
stone has  descended  to  140  feet  below  the  surface.  An  excellent  section 
was  obtained  here  from  the  record  of  the  deep  well  that  was  drilled  in 
1885.    The  record  is  as  follows  : 

Drift ;. 58  feet. 

White  shale  (Cuyahoga) 60    " 

Black  shale  (Berea) 23    " 

Sandstone  (Berea  grit) 66    " 

EedlhT!::::::::::::  mt}  (^^0^)... 98  « 

light  shale.. «    W  « 

Black  shale.. f 70  •* 

Lightshale 64  " 

Blackshale 280  " 

Lightshale.. 64  " 

Limestone  (Upper  Helderberg) — 

Interval  from  Berea  grit 657  ** 

The  lower  section  of  shale,  64  feet,  is  quite  calcareous,  and  may  be 
the  Olentangy  or  Hamilton  shale  of  Newberry.  In  this  case,  the  thick- 
ness of  the  lower  shale  series  will  be  593  feet.  A  like  correction,  as  has 
been  suggested,  may  be  applied  to  the  Plymouth  section. 

(3)  The  next  section  is  found  at  Mansfield,  twelve  miles  to  the 
southeast.  The  record  of  the  well  drilled  in  1886,  as  far  as  it  concerns 
these  points,  is  as  follows  : 

Surface  and  sand-rock  (Logan  gronp) 140  feet. 

Fto^hSAJl?''}  (Cuyahoga ehale) 860    « 

Black  shale  (Berea  shale) 40    " 

Sandstone  (Berea  grit) 15    *< 

oS^uS'=::.Sft:}(B«ifo'dahale) 60    " 

Black  shale 5  " 

Gray  shale - 20  " 

Dark  shale 80  " 

Blackshale 15  " 

Blue  shale 70  " 

Dark  shale ~    35  " 

Dark  shale  changing  frequently  in  shade d05  " 

Bine  shale  calcareous .'. 60  " 

Limestone  (Upper  Helderberg) — 

Interval  between  Berea  grit  and  limestone 640  " 

If  lower  member  of  shale  column  is  counted  with  limestone 680  *' 
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The  upper  surface  of  the  Berea  grit  is  here  640  feet  above  tide. 

(4)  The  next  section  is  found  in  the  record  of  the  well  drilled  in 
1884  at  Mt.  Vernon,  Knox  county,  thirty-seven  miles  south  and  a  little 
east  of  Mansfield.  The  record  of  the  well  is  as  follows,  but  recent  drill- 
ing has  shown  the  lower  portion  of  it  unreliable : 

Drift 97  feet 

Sand-rock  (Lo^n  gronp) 45    " 

^^klSttS/Z'Z^  100  ft }  (Cuyahoga  and  Berea  shale) 828  " 

Monntainsand  (Berea  grit) 80  <' 

Red  rock  (Bedford) - 120  " 

Black  slate 97  " 

White  slate 210  ** 

Black  slate  and  pyrite 23  " 

Light  slate 97  " 

Lighter  shale 80  *• 

Slate  and  pyrite ^  130  " 

Dark  slate 80  " 

White  slate - 70  " 

Dark  slate 12  " 

Sand -  60  " 

Shale " 

Limestone  (Upper  Helderberg)  at  about  (corrected).. 1,370  " 

The  sandstone  reported  60  feet  thick  at  1,174  feet,  is  probably  noth- 
ing more  than  a  hard  phase  of  the  ordinary  shale.  The  interval  between 
the  Berea  grit  and  the  limestone  is  here  867  feet,  by  corrected  figures, 
showing  the  thickening  that  took  place  in  this  portion  of  the  old  basin. 
This  figure  is  in  keeping  with  all  others  obtained  in  this  general  region. 
The  top  of  the  Berea  grit  is  here  426  feet  above  tide. 

(5)  Newark  furnishes  the  next  section.  Two  wells  have  been 
drilled  here  within  the  last  year.    The  record  of  the  first  is  as  follows : 

Drift 236  feet 

Gray  shale  (Cuyahoga) 270    " 

Black  shale  (Berea) .L.. ;.<..;.!... ..U 40    " 

Sandstone  (Berea  grit).. ««i.»..;>**..<^;.*.....i;..rr. 8    '*     ^ 

White  shale - B  ft\  ,t>^,^  .x  4:i  ^^-     "^'^  aa    **  - 

Red  shale 40  ft  |  (B^^^o"^) ^ 

The  top  of  the  Berea  grit  is  here  about  285  feet  above  tide.  The 
record  of  the  second  well  agrees  with  that  already  given  as  far  as  the 
former  goes,  but  it  has  been  drilled  much  deeper,  and  is  to  be  carried 
still  further  down.  The  Devonian  i  limestone  was  struck  at  1,430  feet 
or  thereabouts,  showing  the  shale  series  here  to  be  about  900  feet  in 
thickness.  This  whole  section  rises  to  day^twenty  or  thirty  miles  to 
the  westward,  and  is,  therefore,  particularly  clear  and  satisfactory. 
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(6)  The  next  section  is  obtained  from  Lancaster,  Fairfield  county. 
A  well  drilled  here  in  1886,  gives  the  following  record,  viz.: 

Drift 132  feet 

Soapstone  (Cnyahoga  and  Berea  shales) 268    ^ 

Whiteeand  (Bereagrit) 20    " 

Shale 430    ** 

Black  slate 200    " 

Limestone  (Upper  Helderberg)  at 1,030    '' 

The  Berea  shale  is  not  named  in  the  driller's  record,  but  it  is,  with- 
out doubt,  included  in  the  268  feet  described  as  soapstone,  as  it  is  present 
in  characteristic  form  in  all  the  outcrops  of  its  proper  horizon  throughout 
this  portion  of  the  state.  The  interval  from  the  Berea  grit  to  the  lime- 
stone, is  630  feet.  The  surface  of  the  Berea  grit  is  here  about  450  feet 
above  tide.  It  is  higher  than  in  the  last  sections,  because  the  outcrop 
of  the  formation  is  bearing  to  the  west  of  south  at  this  point. 

(7)  In  Hocking  county  wells  have  been  drilled  at  various  times 
and  at  various  places  within  the  last  few  years,  all  of  which  show  the 
series  to  be  entirely  regular  here.  The  record  of  a  well  drilled  at  Logan 
in  1885,  is  as  follows : 

Drift 28  feet. 

Pebble  rock 1^  ^t- \  rT^aan  ^onn^  117    « 

Gray  rock 105  ft./  C^«an  group) 117 

Shale 8  ft. 

Sand  rock 12  ft. 

Sandy  shale 65  ft 

Sand  rock 38  ft. 

Soapstone 88  ft 

Sandy  shale 72  ft 

Soda  rock 132  ft. 

Black  shale  (Berea  shale) 69    " 

Sand  rock  (Berea  grit) 41    " 

Red  rock  (Bedford) 27    " 

The  Berea  grit  is  here  about  100  feet  above  tide. 
At  Bloomingville,  on  the  western  side  of  the  same  county,  a  num- 
ber of  wells  have  been  drilled.    The  record  of  one  is  as  follows : 

Light-colored  shales,  interstratified  with  sandstone  courses  (Onya- 

hogashale) 445  feet 

Black  shale  (Berea  shale) 89    " 

Oil  and  salt-rock  (Berea  grit) 85    " 

Soapstone 12  ft) 

Red  soapstone 81  ft  V  (Bedford  shale).. 109    " 

Soapstone 16ftj 

Black  shale — 

The  same  series  is  shown  in  Vinton  county,  but  no  detailed  record 
of  drilling  done  there  is  at  hand.  The  Cuyahoga  shale,  Berea  shale, 
Berea  grit,  and  Bedford  shale,  all  in  their  characteristic  phases,  are  as 
unmistakable  here  as  in  the  records  already  reviewed. 


(Oayahoga  shale)   405 
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(8)  A  well  drilled  at  Jackson  Court-house  in  Jackson  county,  in 
1886,  found  the  fierea  grit  at  700  feet  below  the  surface.  The  series 
here  was  normal  in  every  respect. 

(9)  This  line  of  sections  is  terminated  at  Ironton,  Lawrence  county, 
in  the  Ohio  Valley.  A  deep  well  drilled  here  in  1885,  furnished  inter- 
esting and  valuable  information  as  to  the  order  of  the  underlying  rocks, 
and  the  record  is  entirely  in  keeping  with  what  we  have  already  ob- 
tained in  the  district  to  the  north.    The  record  is  as  follows : 

Lower  ooal  measares  (Conglomerate  group) 282  feet 

Cayahoga  shale,  Logan  group  and  Berea  shale.. 728  " 

Berea  grit,  probably  including  upper  portion  of  Bedford 47  " 

Bedford  shale,  red \  770  " 

Ohio  shale,  black  and  blue,  alternately j 

Limestone  (Lower  Helderberg) — 

Literval  between  Berea  shale  and  limestone 817  '* 

Elevation  of  the  surface  of  the  Berea  grit  below  tide,  about 400  " 

B.  A  second  series  of  sections  taken  along  the  line  marked  ''  B"  on 
the  map,  can  be  followed  southward  from  Cleveland  to  Marietta.  The 
Berea  grit  is  exposed  in  the  walls  of  the  Cuyahoga  Valley  at  Bedford 
and  Independence  in  its  most  characteristic  and  valuable  form.  Sections 
embracing  the  Cuyahoga  shale,  the  Berea  shale,  the  Berea  grit,  the  Bed- 
ford shale,  and  the  upper  portion  of  the  Ohio  shale,  are  available  at 
many  points.  At  Independence,  the  Berea  grit  lies  quite  high  in  the 
hills,  but  it  has  descended  to  the  level  of  the  valley  at  Peninsula.  The 
interval  between  the  Berea  grit  and  the  underlying  limestone  in  this 
region  is  about  1,400  feet,  as  is  shown  by  the  Cleveland  RoUing-Mill  well 
and  other  deep  drillings.  The  sandstone  has  an  elevation  of  about  800 
feet  above  tide  in  its  most  northern  exposure. 

(1)  At  Akron,  the  Berea  grit  is  found  at  a  depth  of  260  feet  below 
the  surface,  and  at  an  elevation  of  about  940  feet  above  tide.  It  is  car- 
ried upward  here  by  the  water-shed  axis,  as  previously  noted  (page  58). 
The  section  in  the  deep  well  drilled  here  in  1885,  is  as  follows : 

Drift - 60  feet 

Pebbly  sandstone  (Conglomerate) 40    '' 

Shale  (Cuyahoga  and  Berea) 170    " 

Berea  grit 8    " 

Shales,  light,  dark,  black,  and  blue 1,862    '* 

limestone 836    " 

The  black  Berea  shale  is  not  reported  here.  It  is  sometimes  missing 
in  this  particular  portion  of  the  state.  The  Bedford  is  not  reported  as 
a  red  shale  at  this  point,  but  the  section  is  not  at  all  ambiguous.  In 
a  number  of  wells  drilled|in  this  general  region  the  facts  appear  in  normal 
order. 
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(2)  The  second  station  is  found  at  Massillon.  Several  deep  wells 
have  been  drilled  here  within  the  last  year.  The  section  from  one  of 
them  is  as  follows : 

Drift ^  146  feet 

Conglomerate 40  ** 

Blue  and  light  shale  (Cayahoga) , ^  426  " 

White  sand  ( Berea  grit) 46  " 

Blue  shale  (Bedford) 40  " 

Ohio  shale,  gray,  blae  and  black 1,820  ** 

Limestone — Devonian. 

The  surface  of  the  Berea  grit  is  about  325  feet  above  tide  at  this 
point. 

(3)  The  next  section  on  line  B  is  found  at  Canal  Dover,  where  a 
deep  well  was  drilled  in  1884.  A  more  careful  record  was  preserved  of 
this  well  than  of  any  other  in  this  portion  of  the  state.  The  Berea  grit 
was  found  with  a  thickness  of  twenty-six  feet  at  the  depth  of  860  feet 
below  the  surface  and  at  an  elevation  of  eighty-four  feet  above  the  sea. 
The  section  \s  as  follows : 

Conglomerate  coal  measures 286  feet. 

Logan  group,  pebble  rock ~ 196    " 

Cuyahoga  shale 420    " 

Berea  shale,  gas-shale • 10    " 

Berea  grit 28    " 

The  drill  was  sunk  1,884  feet  below  the  Berea  grit  through  a  con- 
stantly changing  series  of  blue,  gray  and  black  shales.  Drilling  was 
arrested  at  a  depth  of  2,760  feet  without  having  reached  the  bottom  of 
the  shale  series,  but  it  is  probable  that  the  lower  limit  of  the  shale  series 
is  not  far  below. 

(4)  Cambridge,  Guernsey  county,  furnishes  the  next  section.  The 
Berea  grit  was  found  here  in  two  wells  drilled  in  1886  in  an  unequivo- 
cal section.    The  record  of  well  No.  1,  is  as  follows : 

Soil  and  surface  rock.. 64  feet. 

Black  sand  and  shale...    26  ft 

Limestone 10  ft. 

Light  shale.. 186  ft. 

White  sand 50  ft. 

Shale 66  ft. 

White  sand 25  ft. 

Dark  shale 90  ft. , 

Salt-water  sand,  with  pebbles  at  base ..  110  ft.  ^ 

Dark  shale 4  ft.  \     Logan  group.....  182 

Soft  sand 68  ft,  J 

Light  shale  (Cuyahoga)- 840 

Black  shale  (Berea) 48 

White  sand  (Macksburg  sand  or  Berea  grit)  with  oil-gas  and  salt- 
water     66 

White  shale  (Bedford) 6 
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The  surface  of  the  Berea  grit  is  about  175  feet  below  tide  at  this 
point. 

(5)    The  next  section  is  taken  from  the  Macksburg  oil-field.    All 
the  wells  drilled  in  this  field,  and  they  are  now  counted  by  the  hundreds, . 
agree  in  the  following  general  order,  ziz. : 

Barren  measares,  Lower  Coal  Measares  and  Conglomerate  800  to  1,200  feet. 

Ooniclomerate  sandstone  (Logan  groap,  or  water  sand) 200  to      800    ** 

Gray  shale  (Oayahoga  shale)  800    " 

Black  shale  (Berea  shale) 20  to       50    " 

Oil-Band  (Berea  grit).. 5  to       80    " 

In  one  well  the  drill  was  sunk  1,000  feet  below  the  oil-sand,  and 
the  record  was  extended  thereby  half-way  down  the  column  of  Ohio 
shales.  No  sandstone,  aside  from  '*  shells,"  was  penetrated  in  this  de- 
scent. A  like  experience  was  had  in  a  well  recently  drilled  near  Mari- 
etta. The  Bedford  and  Ohio  shales  were  here  penetrated  to  the  depth  of 
1,260  feet,  and  only  one  bed  of  hard  sand  was  reported  in  the  drilling,  and 
this  bed  was  but  five  feet  thick. 

C.  A  third  series  of  sections  can  be  taken  on  the  eastern  border  of 
the  state  in  a  nearly  north  and  south  direction  from  Mecca,  through 
Warren,  Niles,  New  Lisbon  and  East  Liverpool  to  Steubenville.  This 
series  is  located  along  or  near  the  line  C,  on  the  map  of  the  Berea  grit. 

(1)  At  Mecca,  Trumbull  county,  the  Berea  grit  is  found  forty  feet 
or  more  in  thickness,  and,  though  provided  with  no  cover  but  the  bowl- 
der clay,  it  is  highly  petroliferous.  It  is  underlain  by  many  hundred 
feet  of  unbroken  shale,  as  has  been  proved  by  deep  drilling  in  this  vicinity. 
The  surface  of  the  stratum  is  about  925  feet  above  tide. 

The  famous  Warren  flag-stone  lies  about  sixty  feet  above  the  bot- 
tom of  the  Cuyahoga  shale.  The  Berea  shale  seems  to  be  reduced  in 
this  region  to  a  thickness  of  about  eight  or  ten  feet.  It  is,  however, 
well  character] zed. by  the  Discina  and  Lingula  which  belong  to  the 
horizon.    In  many  places  it  is  almost  entirely  composed  of  these  shells. 

(2)  At  Niles,  and  also  at  Youngstown,  the  Berea  grit  has  been  re- 
peatedly struck  in  wells  drilled  for  oil,  gas  or  water.  It  lies  about  2(X) 
feet  below  the  valley  here,  or  about  650  feet  above  tide,  and  apparently 
has  the  ver}-  considerable  thickness  of  150  feet. 

Deep  wells  at  Youngstown  have  demonstrated  that  the  great  shale 
formation  that  underlies  it  has  has  a  very  great  thickness  here.  In 
one  recent  drilling,  1,400  feet  were  penetrated  without  reaching  any 
change  of  rock.  A  well  drilled  at  the  RoUing-Mill,  by  Wick  Brothers 
a  number  of  years  since,  was  sunk  2,480  feet  without  reaching  the  end  of 

21        G. 
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the  shale  formation.    The  drill  rested  in  black  shale  at  the  bottom  of  the 
hole. 

(3)  Numerous  wells  drilled  at  New  Lisbon  show  a  similar  state  of 
facts.    The  driller's  record  of  one  drilled  in  the  fall  of  1886  is  as  follows: 

Surface 10  feet 

Fire-clay -  2  " 

Gray  sand-rock .* 28  " 

BlackfBhale 86  " 

Fire-clay 20  " 

White  sand-rock 86  " 

Fire-clay 10  " 

Black  slate 15  " 

Whitejsand-rock 65  " 

Fire-clay 11  •' 

Blacktfllate 10  « 

White  sand-rock 70  " 

Gray  shale  and  slate 246  " 

White  sand-rock 54  " 

Blue  [sand-rock 15  " 

Blacl^slate  and  shale 967  " 

The  last  element  is  the  Ohio  shale,  re-enforced  by  the  Bedford  at 
the^summit  of  the  series.  The  white  and  blue  sand-rock  directly  above 
are  the  Berea  grit,  here  yielding  quite  a  flow  of  gas  and  also  salt-water. 
The  Cuyahoga  and  Berea  shales  are  included  in  the  245  feet  next  above, 
while^the  Logan  or  salt-water  sand  is  found  in  the  seventy  feet  of  white 
sand  of  the  record.  The  level  of  the  upper  surface  of  the  Berea  grit  is 
about  323  feet  above  tide  at  this  point. 

(4)  The  wells  of  East  Liverpool  and  vicinity  furnish  the  next  sec- 
tion. The  number  of  these  wells  is  large,  and  their  records  all  agree 
as  to*the  essential  features  of  the  section.  The  record  of  a  well  drilled 
in  ;1885  at  Dry  Run,  a  few  miles  above  Liverpool,  will  indicate  the 
usual  order  of  facts.    It  is  as  follows : 

Soil 18  feet 

Glass  rock 84  " 

Mud  rock 100  " 

Gray  shale  and  soapstone '. ..870  " 

Black  shale 60  " 

Pepper  and  salt  rock 10  or  15  feet. ) 

Gas-rock  proper, white 20    "     vBereagrit 50  " 

Gas-rock,  blue 20    "    J 


The  shale  below  the  Berea  grit  has  been  deeply  and  thoroughly  ex- 
plored here  also  by  the  drill,  but  with  not  quite  the  same  negative 
results  as  reported  at  the  last  station,  so  far  as  sandstones  are  con- 
cerned. One  well  was  carried  2,600  feet  below  the  Berea  grit  without 
exhausting  the  shale  formation,  and  two  or  three  sandstones  were  re- 
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ported  in  the  column.  The  level  of  the  Berea  grit  at  East  Liverpool  is 
about  240  feet  above  tide.  From  East  Liverpool  to  Steubenville  there 
is  a  much  more  rapid  descent  of  the  strata  than  has  thus  far  been 
found.  In  the  interval  of  twenty-four  miles  the  dip  of  the  basal  meas- 
ures is  not  less  than  800  feet,  which  throws  the  Berea  grit  at  Steuben- 
ville to  560  feet  below  tide.  The  Lower  Coal  Measures,  Conglomerate 
and  Carboniferous  limestone  formations,  make  540  feet  in  the  well  record 
here ;  the  Logan  group,  265  feet ;  and  the  Cuyahoga  shale,  including  the 
Berea  shale,  365  feet.  The  Berea  grit  is  often  reduced  to  small  dimen- 
sions, but  it  maintains  its  place  with  surprising  constancy.  It  appears 
here  as  a  white  sandstone,  oil  or  gas-bearing,  from  five  to  fifteen  feet  in 
thickness.  The  shales  have  been  penetrated  1,000  feet  below  the  Berea 
^rit  at  Steubenville  without  revealing  any  sandstone  stratum  of  con- 
siderable volume.  At  Brilliant,  ten  miles  below  Steubenville,  and 
especially  at  Wellsburgh,  on  the  opposite  side  of  the  river,  a  large  pro- 
duction of  gas  has  been  obtained  from  the  Berea  grit  within  the  last 
few  years.  The  stratum  is  found  in  a  normal  and  unmistakable  sec- 
tion.   Its  surface  lies  607  feet  below  tide. 

D.  A  fourth  radial  line  of  sections  will  be  traced  from  Shelby 
through  Mansfield,  the  Neff  gas-wells,  Coshocton,  Cambridge  and  Quaker 
€ity.  It  follows  a  southeast  course.  A  part  of  these  stations  have 
already  been  described.  At  Shelby  the  Berea  grit  lies  940  feet  above 
tide,  and  at  Mansfield  640  feet.  This  line  of  sections  is  marked  D  on 
the  map  of  the  Berea  grit. 

(1)  At  the  Neff  gas-wells,  which  are  located  in  the  valley  of  the 
Kokosing  on  the  east  side  of  Knox  county,  near  the  northeast  corner 
of  Coshocton,  a  valuable  series  of  facts  has  been  obtained  from  seven 
wells  drilled  in  the  immediate  vicinity,  within  the  last  twenty  years. 

The  records  all  agree  in  their  essential  features.  The  wells  are 
begun  in  the  Logan  group,  or  the  Waverly  conglomerate  system,  and 
find  the  Berea  at  a  depth  of  about  600  feet.  Underneath  the  Berea 
grit  a  chocolate-colored  band  of  the  Bedford  shale  occurs  as  the  most 
characteristic  mark.  The  Waverly  group  is  considerably  thicker  in 
this  region  than  in  other  parts  of  the  state.  The  series  penetrated 
:appears  to  be  divided  in  the  way  indicated  below,  viz. : 

Logangroap 160  feet. 

Cuyahoga  shale 460    " 

Berea  shale»  dark ^    60    '^ 

Berea  grit,  oil-sand.. 10  to    20    *< 

Bedford  shale,  chooolate-oolored ^ 16  to    80    " 

Below  the  Bedford  shale  the  blue  and  black  beds  of  the  Ohio  shale 
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are  found  in  their  usual  alternation  for  many  huniireds  of  feet.    The 
Berea  grit  in  these  wells  (Nos.  1  and  2)  is  about  235  feet  above  tide. 

(2)  A  well  drilled  2,108  feet  deep  in  Coshocton,  in  June,  1886^ 
ftirniahes  the  following  record : 

Drift  clays  and  quicksand 171  feet. 

Gray  shale 29  " 

OoaL 1  " 

Slate ^ 30  "  , 

Sand 10  " 

Gray  shale,  Logan  group  and  Cuyahoga  shale 579  " 

Black  slate,  Berea  shale 40  " 

White  sand,  Macksburg  sand,  Berea  grit 20  " 

Gray  shale,  altematiiig  with  dark  and  black 1,220  " 

The  Berea  grit  is  here  found  at  861  feet  by  the  record  given.  By 
another  record,  it  was  found  at  840  feet.  This  shows  it  to  be  seventy  or 
ninety  feet  below  the  sea.  The  well  was  drilled  by  Macksburg  drillers 
who  were  entirely  familiar  with  the  general  section,  and  who  were  at 
no  loss  in  positively  identifying  all  of  the  main  elements  with  the  like 
elements  in  their  own  field. 

The  section  at  Cambridge,  which  is  the  next  station  in  line  D,  ha& 
been  already  given.    The  Berea  grit  is  here  175  feet  below  tide. 

Quaker  City  lies  a  little  to  the  north  of  our  line,  but  the  section 
obtained  here  can  be  introduced  without  violence  at  this  point.  A  well 
drilled  in  1886  furnished  the  following  section  : 

Barren  Coal  Measures,  Lower  Coal  Measures,  and  Conglomerate 

Measures 750  feet. 

Water  sand,  Logan  group.. 125    " 

Gray  shale,  Cuyahoga  shale 441    " 

Black  shale,  Berea  shale 80    " 

Macksburgh  sand,  Berea  grit,  at  a  depth  of  1,846  feet 6    " 

This  completes  the  several  lines  of  sections  that  were  undertaken 
for  the  purpose  of  showing  the  continuity  of  the  Berea  grit  throughout 
eastern  Ohio.  It  is  hard  to  see  what  better  demonstration  of  this  con- 
tinuity could  be  asked  than  such  sections  furnish.  Much  additional 
testimony  will,  however,  be  found  in  the  detailed  statements  of  sections 
that  are  to  follow.  In  the  accompanying  map,  the  areas  in  which  the 
Berea  grit  lies  above  sea-level  are  distinguished  from  those  in  which  it 
lies  below,  the  boundary  passing  through  Columbiana,  Carroll,  Tusca- 
rawas, Coshocton,  Muskingum,  Perry,  Hocking,  Vinton,  Jackson  and 
Scioto.  The  entire  area  occupied  by  the  formation  is  not  less  thaa 
20,000  square  miles. 
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11.    PRODUCTION  OF  OIL  AND  GAS. 
A.    Source  of  the  Supply, 

The  Berea  grit  is  a  representative  oil-rock.  The  presumption  in 
regard  to  it  in  any  portion  of  the  state  in  which  it  lies  below  the  surface 
is  that  oil,  gas,  or  salt-water,  one  or  two  or  all,  will  be  found  in  it  in  ap- 
preciable amount  when  it  is  reached  by  the  drill.  In  a  field  of  a  few 
square  miles  it  has  been  found  to  contain  so  large  a  stock  of  oil  that  its 
production  for  a  year  exceeded  2,500  barrels  per  day,  and  at  many  points 
a  small  production  has  been  established  from  it ;  in  several  fields  it  has 
been  found  charged  with  high-pressure  gas,  and  at  very  many  points 
with  low-pressure  gas;  in  others  it  has  been  a  productive  source  of 
brine  for  the  manufacture  of  salt,  and  also  of  bromine,  and  generally  in 
connection  with  more  or  less  vigorous  supplies  of  natural  gas. 

Its  oil  is  not  indigenous.  There  are  but  few  beds  of  clearer  or 
cleaner  sand  in  our  geological  scale  than  this.  It  would  be  absurd  to 
suppose  that  the  great  petroleum  stocks  of  the  Macksburg  field  have 
their  origin  in  ten  or  twelve  feet  of  clean  sand  which  contain  the  oil. 
The  source  of  occurrence  of  oil  at  Mecca  is  also  decisive  as  to  this  point. 
The  Berea  grit  is  here  covered  only  with  bowlder  clay,  so  far  as  much 
of  the  productive  territory  is  concerned.  It  thus  appears  that  the 
natural  shale  cover  of  the  sand  was  all  eroded  in  distant  ages.  Before 
this  took  place  the  stratum  must  have  been  charged  with  oil.  While 
lying  exposed  as  a  surface  rock,  oil  must  have  continually  oozed  from  it, 
as  we  find  oil  and  gas  escaping  from  certain  outcrops  now,  but  when  the 
nearly  impervious  beds  of  bowlder  clay  had  once  more  formed  a  cover 
the  accumulation  of  oil  was  resumed  in  the  rock,  and  thus  the  some- 
what scanty  stocks  that  have  been  drawn  up  for  the  last  twenty-five 
years  have  originated. 

The  source  of  the  oil  of  the  Berea  grit  is  not  doubtful  or  prob- 
lematical, it  is  obvious  and  demonstrable.  The  oil  is  derived  from  the 
great  shale  series  which  underlies  the  sandstone,  and  is  simply  stored 
in  the  latter  as  a  reservoir.  The  shales  are  an  adequate  source,  and  they 
are  directly  at  hand.  They  contain  free  petroleum  through  their  whole 
extent.  Some  storage  is  effected  in  the  shales  themselves.  The  hard 
bands  are  often  found,  as  the  drill  descends  through  them,  to  hold  some 
small  accumulation  of  either  oil  or  gas,  but  the  great  accumulations 
pertaining  to  them  are,  in  all  cases,  effected  by  sandstones  or  conglomer- 
ates that  are  buried  in  the  shales.  The  Berea  grit,  being  the  only 
regular  sandstone  contained  in  the  Ohio  shales  within  the  limits  of  the 
«tate,  becomes,  as  has  been  noted,  a  universal  source  of  these  bituminous 
products. 
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The  conditions  for  these  accumulations,  so  far  as  source  is  concerned, 
are  absolutely  univeral  throughout  the  territory  occupied  by  the  Berea 
grit.  There  is  everywhere  underlying  the  Berea  grit  an  abundant 
source  of  oil  and  gas.  A  second  condition,  which,  like  the  first,  is  indis- 
pensable to  oil  accumulation,  viz.,  an  impervious  oover  to  the  oil-rock, 
is  found  wherever  the  Berea  grit  has  its  normal  roof,  viz.,  the  Berea  and' 
Cuyahoga  shales,  but  it  has  this  normal  roof  wherever  it  lies  deep 
enough  to  retain  it.  This  condition  also  is  complied  with  to  a  large 
extent  throughout  the  territory  in  question.  A  third  requisite  for  oil 
and  gas  accumulation,  the  Berea  grit  itself  meets.  As  has  been  already 
shown,  it  constitutes  a  reservoir  for  both  substances.  It  cannot,  how- 
ever, be  claimed  that  it  meets  this  requisite  as  effectively  and  as  con- 
stantly as  the  two  series  of  shales  that  serve  respectively  as  source  and 
as  cover  meet  the  conditions  imposed  on  them.  It  is,  doubtless,  too  fine- 
grained and  too  close  in  parts  of  its  extent  to  make  a  good  oil-rock.  Its 
thickness  is  also,  in  many  instances,  too  small  to  afford  large  storage. 
But  still  it  is  true  that  so  far  as  can  be  seen,  this  condition  of  a  reser- 
voir is  also  fulfilled  on  a  very  large  scale  in  the  territory  under  considera- 
tion, and  we  can,  accordingly,  declare  that  the  three  principal  requi- 
sites and  conditions  ordinarily  laid*down  for  petroleum  accumulation 
occur  throughout  a  large  portion  of  eastern  Ohio. 

But,  although  these  conditions  are  present,  the  stocks  of  oil  that 
become  valuable  to  us  have  not  been  gathered,  except  at  a  very  few 
points.  It  is  obvious,  therefore,  that  there  is  some  other  essential 
requisite  for  large  production.  This  requisite  we  find  in  peculiarities 
of  geological  structure.  There  is  a  small  accumulation  in  the  Berea 
grit  almost  everywhere,  by  virtue  of  its  relation  to  the  shales  that  re- 
spectively support  it  and  make  its  roof,  but  the  oil  and  gas-fields  that 
deserve  the  name  seem  to  be  characterized  in  all  instances  by  departures 
from  the  regularity  of  structure  which  belongs  to  eastern  Ohio  generally. 
The  best  example  of  this  abnormal  structure  comes  from  the  most  im* 
portant  field  of  oil  production  from  the  Berea  grit,  viz.,  Macksburg. 

In  the  vicinity  of  Macksburg,  north  of  Marietta,  the  light  south- 
eastward dip  of  the  strata  is  found  to  be  interrupted,  and  for  nearly  a 
mile  a  terrace-like  structure  prevails.  This  is  masked,  it  is  true,  by  the 
immense  erosion  which  the  country  has  suffered,  and  only  comes  into 
view  when  the  best-known  elements  of  the  exposed  section  as  coal-seams 
are  followed  by  means  of  the  level.  All  of  the  strata  ever  reached  by 
the  drill,  as  well  as  all  that  are  above  the  surface,  are  equally  affected 
by  this  structural  irregularity. 

But  this  terrace  is  an  oil-field,  and  has  been  for  twenty  years.  Oil 
was  first  found  here  in  shallow  wells,  from  two  hundred  to  three  hun- 
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dred  feet  deep  in  the  upper  Mahoning  sandstone.  But  adventurous 
drillers,  one  after  another,  struck  new  sources  of  oil.  A  second  oil- 
sand,  and  a  third,  were  discovered  at  five  hundred  and  seven  hundred 
feet  respectively.  Finally  the  drill  was  sunk  deeper  still,  until,  at  1,300 
feet,  the  Berea  grit  was  found,  holding  a  stock  of  oil  large  enough  to 
make  the  Macksburg  field,  for  the  first  time,  a  factor  in  the  general 
market.  It  has  produced  as  many  as  3,000  barrels  per  day  since  then, 
and  is  now  yielding  2,500  barrels  per  day.  (At  the  present  date,  October, 
1887,  it  has  shrunk  to  small  proportions.) 

But  the  shallow  and  the  deep  productive  wells  are  alike  definitely 
limited  to  the  terrace  that  has  been  described.  In  other  words,  four 
oil-sandstones  become  productive  in  the  same  area  when  the  structure 
is  found  favorable.  That  they  do  not  communicate  with  each  other  is 
evident  from  the  fact  that  the  oils  which  they  severally  contain  difier 
from  each  other  in  gravity,  in  color,  and  in  chemical  constitution. 

The  depth  of  the  Berea  grit  below  sea-level  in  the  terrace  is  735  feet. 
Of  twenty-four  wells,  occupying  four  square  miles  in  this  field,  sixteen 
reach  the  Berea  between  733  and  737  feet,  and  six  are  found  by  their 
records  to  be  exactly  735  feet. 

On  the  northwestern  margin  of  the  terrace,  at  elevations  of  728, 720, 
713,  and  704  feet,  gas  is  found,  but  no  oil.  After  many  hundred  wells 
have  been  drilled  on  all  sides,  the  terrace  which  has  been  revealed  by 
the  engineer's  level  is  alone  found  productive. 

The  grain  of  the  sandstone  is  in  every  way  as  promising,  and  its 
thickness  as  great,  outside  of  the  field  as  within  it;  and  the  sections, 
both  above  and  a  thousand  feet  below  the  Berea  grit,  appear  identical  in 
productive  and  in  barren  territory  alike.  It  is  hard  to  resist  the  con- 
clusion that  the  Macksburg  oil-field  is  dependent  upon  the  structural 
irregularity  here  described,  the  other  elements,  of  course,  being  presup- 
posed. While  the  first  three  conditions  of  petroleum  accumulation  are 
found  throughout  the  entire  district  occupied  by  the  Berea  grit,  as  has 
been  shown,  the  last  condition,  which,  like  the  rest,  is  a  vital  and  alto- 
gether essential  one,  has  been  but  infrequently  complied  with  in  the 
territory  under  consideration.  In  other  words,  the  structure  of  the  for- 
mation is  mainly  normal  ]  the  dip  is  regular  and  uninterrupted ;  and 
the  monotony  of  its  descent  becomes  fatal  to  the  gathering  of  large 
stocks  of  oil  and  gas  within  it.  In  point  of  fact,  there  are  but  very  few 
localities  in  these  20,000  square  miles  where  any  noteworthy  value  has 
thus  far  been  obtained  from  the  formation  in  the  line  of  those  coveted 
supplies,  and  but  a  single  field  of  large  production.  There  is  ample 
room  for  future  discovery  in  this  territory,  it  is  true ;  but  it  will  be  seen 
from  the  review  now  to  be  given  that  tests  have  been  made  in  a  great 
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many  localities,  and  at  some  points  in  sufficient  number  to  demonstrate 
that  either  the  character  of  the  rock  or  its  structure  is  such  as  to  dis- 
courage large  expectations  of  valuable  returns  from  it. 

The  general  subject  of  structure,  including  folds  or  flexures,  and 
terraces,  has  already  been  briefly  treated  in  Chapter  I;  and  the  main 
facts  of  irregularity  in  this  respect,  so  far  as  they  have  been  discovered 
in^eastern  Ohio,  are  there  pointed  out.  It  is  only  necessary  to  state  here, 
in  review,  that  eastern  Ohio  is  remarkably  free  from  structural  disturb- 
ances of  all  sorts.  So  large  an  area  of  old  rocks,  formed  when  the  earth 
had  presumably  an  ampler  girth  than  now,  could  not  have  adjusted 
itself  to  the  chaxiging  conditions  without  developing  some  low  folds  or 
arches.  Those  marks  of  disturbance  we  find  mainly  on  the  eastern 
border  of  the  state ;  but  they  are  in  all  cases  of  moderate  proportions 
and  often  on  so  modest  a  scale  that  they  can  be  detected  only  by  the 
careful  work  of  the  engineer  in  districts  that  contain  them. 

In  treating  of  the  subject  now  in  hand,  the  production  realized  from 
the  Berea  grit  thus  far  will  be  taken  up  first;  and  in  the  second  place, 
the  explorations  which  have  proved  unsuccessful,  or  which,  at  least, 
have  not  yet  resulted  in  pronounced  success,  will  be  described.  The 
Macksburg  oil-field  is  so  far  in  advance  of  all  others  in  importance  that 
it  has  been  made  the  subject  of  a  separate  chapter.  Its  general  charac- 
ter has  been  described  on  a  previous  page. 

B.    Productive  Oil  and  Gas  Fields. 
Ths  Mecca  OU  Field. 

Beginning  in  Trumbull  county,  in  northeastern  Ohio,  we  find  the 
Berea  grit  a  productive  rock,  even  where  it  rises  to  day.  The  Mecca  oil 
field  has  been  a  well-known  center  of  small  production  since  1860.  This 
production  is  still  maintained,  though  on  an  insignificant  and  ever- 
shrinking  scale. 

The  township  of  Mecca  embraces  a  flat-lying  tract,  the  average  ele- 
vation*of  which  above  the  sea  is  not  far  from  900  feet.  Its  surface  is 
made  up  of  drift  clays  that  have  a  thickness  of  from  five  to  fifty  feet. 
In  the  vicinity  of  West  Mecca,  the  underlying  rock  is  a  sandstone 
which  crops  out  to  a  small  extent  in  the  valley  of  Musquito  Creek,  and 
which  can  be  reached  at  a:ny  point  by  shafts  of  a  few  feet  in  depth. 
The  early  settlers  were  obliged  to  sink  their  wells  into  this  sandstone, 
and  the  water  obtained  often  carried  globules  of  dark-colored  petroleum 
that  would  form  a  film  over  the  surface.  From  early  times  the  oil  was 
saved  in  a  small  way  and  used  for  the  same  purposes  as  the  Seneca  oil 
of  New  York.    But  in  1860,  when  the  interest  in  the  Oil  Creek  region 
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of  Pennsylvania  was  at  its  height,  the  facts  in  regard  to  West  Mecca 
oil  became  widely  known,  and  a  whirlwind  of  speculative  excitement 
invaded  this  hitherto  quiet  neighborhood.  Wells  were  drilled  here  by 
the  hundred,  some  say  by  the  thousand;  and  for  a  few  months  the 
Mecca  field  was  a  factor  of  some  importance  in  the  infant  industry  of 
petroleum  production.  The  total  number  of  wells  drilled  is  estimated 
at  2,000  to  2,500  by  persons  well  acquainted  with  the  field.  The  oil 
was  at  once  recognized  as  of  very  different  quality  from  that  of  the 
Pennsylvania  field.  It  was  a  heavy  oil,  its  gravity  being  26  to  28  B. 
It  endured  an  excellent  cold  test,  and,  in  a  word,  was  found  to  be 
adapted  in  every  respect  to  the  highest  uses  as  a  lubricant.  Its  great 
value  was  soon  learned,  and  the  price  rose  for  a  little  while  to  $50.00  per 
barrel.  Although  it  soon  receded  from  these  extreme  figures,  it  has  been 
from  that  day  to  this  worth  many  times  more  in  the  market  than  any 
other  natural  oil.  What  little  is  produced  now  finds  ready  sale  at  $16.00 
per  barrel. 

The  wells  do  not  exceed  fifty  fpet  in  depth.  In  early  times  they 
were  put  down  by  hand,  but  latterly  they  have  been  drilled  by  portable 
machines  that  can  be  hauled  from  farm  to  farm  by  two  or  three  yoke 
of  cattle.  The  total  expense  of  drilling  is  covered  by  a  production  of 
^0  to  60  gallons  of  oil,  and  the  expense  of  pumping  is  reduced  in  like 
manner  to  very  low  terms,  portable  steam-pumps  being  sometimes 
moved  from  one  well  to  another  a  few  times  a  year,  and  in  one  case  a 
wind-pump  is  used  for  raising  the  oil. 

Estimates  of  the  production  of  the  field  vary  widely.  One  con- 
servative estimate  makes  5,000  barrels  the  maximum  production  for  a 
single  year,  but  other  estimates  make  the  amount  very  much  larger  than 
this.  Single  wells  are  known  to  have  produced  from  fifty  to  seventy 
barrels  a  day  for  several  months  in  succession,  and  some  of  these  wells 
are  credited  with  a  total  production  of  3,000  barrels.  Wells  are  seldom 
pumped  for  more  than  three  months  after  they  are  drilled.  After  that 
the  oil  is  removed  in  a  primitive  way  by  the  sand-pump,  the  supply 
continuing  indefinitely,  so  far  as  present  experience  goes. 

The  territory  within  which  oil  has  been  found  in  paying  quantity 
can  probably  all  be  included  in  a  tract  five  miles  long  by  three  miles 
wide,  but  half  of  the  production  of  the  field  in  its  best  days  was  de- 
rived from  a  single  farm,  and  the  bulk  of  the  oil  at  all  times  has  come 
from  a  few  hundred  acres  at  most.  In  the  early  days  of  this  produc- 
tion a  little  gas  was  found  associated  with  the  oil,  but  the  abundant 
puncturing  of  the  rock  that  has  (;one  forward  here,  long  ago  exhausted 
this  supply  on  the  West  Mecca  side.  A  small  amount  of  gas  is  still 
found  on  the  east  side  of  Musquito  Creek. 
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In  the  spring  of  1884  a  shaft  was  sunk  on  the  Cowdery  farm,  on- 
the  west  half  of  Section  4,  to  the  oil  horizon,  the  object  being  to  obtain 
a  larger  supply  of  oiL  It  was  held  by  the  projectors  of  the  enterprise- 
that  inasmuch  as  every  well  in  this  immediate  territory  yielded  oil, 
the  shaft  would  secure  a  production  as  much  greater  than  a  single  well 
as  its  area  should  exceed  that  of  a  single  well.  The  wells  were  usually 
drilled  eight  inches  in  diameter.  The  shaft  was  made  six  by  eight  feet. 
It  furnished  an  excellent  section  of  the  Berea  grit.  The  rock  was  struck 
at  a  depth  of  seven  feet.  The  first  bed  which  was  found  was  four  feet 
thick.  It  consisted  of  uneven  bedded  sandstone,  and  is  known  as  the 
'^  bogus  rock."  It  always  carries  a  little  oil,  and  for  that  matter  the 
lower  portions  of  the  bowlder  clay  are  often  saturated  with  oil.  Under 
the  "  bogus  rock  "  there  was  found  thirty  feet  of  shaly  sandstone,  blue 
in  color,  and  with  many  black  streaks  of  vegetable  origin,  such  as  are 
common  in  the  Berea  grit  in  its  northern  outcrop.  This  section  is 
known  as  *'  flagstone,"  and  is  generally  rather  close-grained,  and  some- 
what impervious  to  water.  At  a  depth  of  forty-three  feet  the  oil-rock, 
so-called,  was  reached.  It  consisted  here  of  two  or  three  beds  of  false- 
bedded  sandstone,  the  lower  one  of  which  is  very  loosely  cemented. 
The  oil-sand  had  a  total  thickness  of  about  nine  feet.  Water  came 
into  the  shaft  in  large  quantity  at  several  seams  or  crevices  in  these 
lower  beds,  and  the  oil  was  brought  along  by  it  in  drops,  which  found 
their  way  to  the  soft  sandstone  below,  in  which  they  were  temporarily 
stored.  When  the  oil  is  pumped  by  a  steam-pump  this  loose  sand  i& 
often  brought  with  it,  and  the  main  trouble  that  is  taken  in  preparing 
the  oil  for  use  consists  in  the  removal  of  this  sand.  When  the  bottom 
of  the  oil-rock  was  reached  at  a  depth  of  fifty-three  feet,  three  entries 
or  tunnels  were  driven  at  right  angles  to  each  other,  northeast  and  west 
respectively.  While  the  work  was  going  forward  several  tons  of  sand 
were  raised  every  day,  and  a  large  amount  of  water  was  also  pumped. 
A  small  quantity  of  oil  was  produced  in  both  sand  and  water,  but  the 
result  was  not  such  as  was  expected  by  the  projectors  of  the  enterprise, 
and  the  novel  scheme  of  mining  for  oil  by  regular  entries  driven  inta 
the  oil  reservoir  was  soon  abandoned.  This,  however,  was  not  strictly 
the  first  attempt  that  has  been  made  to  mine  for  oil. 

The  oil-rock  has  been  already  described  as  full  of  fresh  water.  A 
large  volume  is  always  found  at  the  bottom  of  the  oil-sand  which  the 
driller  calls  '*  Lake  Erie.  "  Seams  occur,  however,  in  the  lower  part  of 
the  oil-rock  that  reduce  the  level  of  the  surface  water  in  the  wells. 
These  seams  are  known  as  '^  let-offs.  "  The  accumulation  of  the  oil  is 
intimately  connected  with  the  movements  of  the  water  in  the  rock. 
The  best  production  occurs  after  the  spring  rains,  or  after  heavy  sum* 
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mer  showers.  The  rain  seems  to  wash  the  oil  from  the  body  of  the  rock 
and  to  bring  it  into  circulation.    The  oil  goes  wherever  the  water  does. 

The  section  that  was  obtained  from  the  shaft,  and  which  has  been 
given  above,  is  not  quite  a  normal  one.  There  is  in  it  a  larger 
measure  of  the  upper  or  flagstone  beds,  than  is  usually  found.  In  most 
of  the  West  Mecca  wells  there  are  only  about  ten  feet  of  this  so-called 
flagstone ;  under  this,  the  oil-sand,  with  a  thickness  of  ten  to  fifteen 
feet  ib  found.  Under  the  oil-sand,  again,  is  found  the  *'  water  sand, " 
which  is  sometimes  as  much  as  seventy  to  eighty  feet  thick.  The  Berea 
grit  in  this  vicinity  is  thus  seen  to  have  a  thickness  of  a  hundred  feet, 
or  even  more.  It  is  always  overlain  by  a  thin  but  very  black  fossili- 
ferous  bed  of  the  Berea  shale.  An  excellent  section  is  furnished  in  the 
banks  and  the  bed  of  Walnut  Creek,  within  the  limits  of  the  village  of 
Cortland,  and  a  half-mile  below.  At  the  junction  of  Walnut  and  Mus- 
quito  Creeks,  the  flag-rock  that  makes  the  upper  bed  of  the  Berea  is 
found  in  the  bed  of  the  stream.  It  is  covered  by  eight  feet  of  Berea 
shale,  very  black  and  crowded  with  its  characteristic  fossils. 

The  forty  feet  immediately  above  the  Berea  shale  are  made  up  of  beds 
of  fine-grained  stone  separated  by  thicker  beds  of  shale  or  soapstone — an 
alternation  of  materials  which  is  characteristic  of  this  part  of  the  Cuya- 
hoga shale.  Above  this  division  are  found  quite  heavy  courses  of  fine- 
grained stone,  over  which  twelve  feet  of  dark  shale  occur.  Above  the 
shale  is  the  horizon  of  the  famous  Warren  flagstone.  There  are  twenty 
feet  found  in  the  present  section  referable  to  this  horizon,  but  the  quality 
of  the  rock  at  this  point  is  inferior. 

This  valuable  stratum  is  thus  seen  to  have  its  place  about  seventy 
feet  above  the  surface  of  the  Berea  grit.  Sections  entirely  similar  to 
this  have  been  penetrated  in  a  number  of  wells  drilled  at  and  near  Cort- 
land for  either  water  or  gas. 

Four  wells  have  been  drilled  at  Mecca  quite  deep  into  the  Ohio  shale, 
one  of  them,  the  Grover  well,  to  a  depth  of  1,186  feet. 

The  series  traversed  consisted  of  beds  of  black  shale  alternating  with 
blue  or  gray  shale,  after  the  usual  fashion.  They  yielded  a  little  gas 
and  oil  at  various  horizons,  according  to  the  traditions,  but  nothing  of 
great  value  was  found  in  them,  and  none  of  them  are  productive  at  the 
present  time.  Above  the  Warren  flagstone  the  Cuyahoga  shale  con- 
tinues as  soft  rock  until  the  conglomerate  sandstone  is  reached  upon 
the  high  ground. 

The  Mecca  field  is  unique.  It  has  been  an  interesting  one,  but  it 
has  had  its  day.  There  is  not  value  enough  in  it  to  warrant  the  expen- 
diture that  would  be  required  to  carefully  explore  its  structure.  In  fact, 
it  is  almost  impossible  at  this  time  to  obtain  the  data  essential  to  an 
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explanation.  The  proper  time  to  acquire  suoh  knowledge  was  when, 
the  development  of  the  field  was  at  its  height.  It  is  not  unreasonable 
to  suppose  that  other  similar  fields  will  be  found  in  this  general  region. 

The  Belden  or  Grafton  Oil-Field. 

An  exhausted  field  of  shallow  oil  of  a  type  similar  to  Mecca  oil  is 
found  at  Belden,  Lorain  county.  It  is  better  known  as  the  Grafton  field. 
It  was  discovered  twenty-five  years  ago,  in  drilling  for  salt. 

The  general  section  at  this  point  is  as  follows : 

Drift: - 6  to  16  feet. 

Blue  Boapstone  (Lower  beds  Cuyahoga  shale) 70  to  80  " 

Dark  shale,  almost  black.  Berea  shale 10  to  25  *' 

OilHEum         «cTeagrit 6  to  170  '* 

Average  thickness.... 50  to  60  " 

White  clay,  or  putty  streak.. 2  to  5  " 

Bed  soapstone.    Bedford  shale dO  to  60  " 

There  have  been  drilled  here  a  score  or  more  of  these  shallow  wells. 

The  deepest  of  them  was  about  320  feet  deep,  but  all  the  oil  has 
been  obtained  from  a  depth  of  120  to  140  feet.  The  Berea  grit  when  fully 
expanded  furnishes  a  section  as  follows : 

Blue  and  flinty  rock.    Flagatone SO  feet. 

White    sand-rock 40    " 

White  and  fine  sand,  "tloiir  rock" .' 40    " 

Dark-blue  and  coarse  rock.    Hard  at  bottom 4  to    6    " 

The  stratum  is  largely  worked  at  the  Black  River  quarries  in  Graf- 
ton, three  miles  to  the  northward,  but  at  this  point  its  thickness  is 
much  reduced.  These  wells  were  at  one  time  made  to  yield,  by  constant 
care  and  attention,  2,000  barrels  of  oil  per  year.  One  of  the  wells,  indeed, 
produced  145  barrels  in  the  first  twenty -four  hours.  Two  others  yielded 
respectively  130  and  90  barrels  for  their  first  day :  but  a  good  average 
of  the  wells  in  their  best  production,  was  from  three  to  five  barrels  per 
day.  The  oil  is  a  lubricating  oil,  of  twenty-five  to  thirty-two  degrees 
of  gravity.  It  is  of  good  quality,  but  it  is  scarcely  equal  to  the  Mecca 
oil.  That  portion  which  lies  in  the  surface  of  the  oil-rock  is  heavier 
than  that  which  comes  from  below.  The  oil-rock  also  carries  quite  a 
strong  brine  in  place  of  fresh  water,  as  at  Mecca.  The  use  of  the  torpedo 
has  not  been  found  to  improve  the  production  of  the  wells.  The  pores 
of  the  sand-rock  seem  ample  already  to  carry  all  the  oil  that  the  rock 
contains. 

The  field  is  now  practically  abandoned.  A  few  barrels  of  oil  can  be 
got  out  at  any  time  and  almost  anywhere  in  this  immediate  district. 
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but  it  costs  more  than  it  is  worth.  The  shales  underneath  the  Berea 
grit  at  this  point  are  probably  about  1,400  feet  in  thickness.  No  careful 
examination  has  been  attempted  of  the  structure  of  the  Belden  field. 
The  opportunity  for  such  an  examination  is  now  lost,  as  at  Mecca,  inas- 
much as  the  production  has  almost  entirely  ceased. 

The  East  Liverpool  Qas-Field. 

Returning  to  eastern  Ohio,  we  find  that  East  Liverpool  in  the  Ohio 
Valley,  and  near  the  Pennsylvania  line,  has  a  gas-field  which  is  much 
more  widely  known  than  the  amount  of  gas  produced  by  it  would  lead 
us  to  expect.  It  has  been  made  known  from  the  fact  that  the  gas  pro- 
duced here  has  been  utilized  as  fast  as  it  has  been  discovered  in  more 
or  less  conspicuous  ways.  It  was  first  turned  to  account  for  salt  manu- 
facture, and  was  afterwards  used  for  both  domestic  fuel  and  for  the 
public  lighting  of  the  streets,  and  also  in  the  potteries  of  the  town. 
East  Liverpool,  in  fact,  was  among  the  first,  if  not  the  very  first,  of  Ohio 
towns  to  make  use  of  gas  for  domestic  and  manufacturing  purposes. 
Natural  gas  was  discovered  here  in  1859*60^  during  the  wide-spread  ex- 
plorations that  were  going  forward  in  the  Ohio  Valley  at  that  time. 
A  good  account  of  these  early  wells  is  given  by  Newberry  in  Geology 
of  Ohio,  Vol.  Ill,  page  116,  but  in  the  type  section  of  the  wells  that  is 
printed  in  this  account,  the  Cuyahoga  shale  is  shortened,  probably  by  a 
clerical  error,  100  feet.  The  shale  is  320  feet  thick,  instead  of  220,  as 
given  in  the  section.  The  Berea  grit  ranges  in  this  territory  from  60 
to  120  feet  in  thickness.  The  upper  portion  of  it,  to  the  extent  of  five 
or  six  feet,  is  intermixed  with  black  shale,  and  the  drillings  of  this 
bed,  from  their  peculiar  appearance,  have  given  rise  to  the  name 
"  pepper  and  salt  rock,"  by  which  it  is  known  among  the  drillers. 

The  section  referred  to  is  as  follows : 

Valley  drift • 81  feet 

Sandstone  and  slate 83  " 

Slate  and  coal 6  " 

White  sandstone 14  " 

Hard  blue  rock 8  " 

Clay  shale,  with  streaks  of  sandstone,  Cayahoga  and  Berea  shpiles  321  " 

Sandstone  in  three  sections,  Berea  grit 69  " 

Gas  and  salt-water  at  several  horizons  in  this  stratum. 

The  wells  are  425  to  450  feet  deep,  from  the  lower  levels  of  the 
valley.  The  gas-rock  is  known  to  be  the  same  as  the  oil-rock  at  Smith's 
Ferry.  There  are  two  groups  of  these  wells — one  at  the  mouth  of  Car- 
penter's Run  on  the  west  side  of  town,  and  the  other  group  on  the  east 
side.    In  the  first,  nineteen  wells  can  be  counted  in  the  compass  of  less 
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than  fifty  acres,  and  six  of  them  on  a  half-acre,  but  one-third  of  the 
entire  nnmber  have  become  extinct.  In  the  second  group  there  have 
been  drilled  a  dozen  wells,  half  of  which  are  unproductive,  and  the 
remainder  feeble.  The  strongest  well  of  the  town  at  present  is  the 
Aten  well  of  the  Gas  Company.  Measured  in  July,  1885,  it  was  found 
to  be  capable  of  producing  33,600  cubic  feet  per  day.  Well  No.  3,  in  the 
same  group,  was  found  to  be  producing  at  the  same  time  11,300  cubic  feet 
per  day.  The  latter  is  a  fair  average  of  the  wells  that  the  village  now 
relies  upon.  These  wells  are  maintained  in  production  by  perpetual 
vigilance  and  care.  The  chief  danger  comes  from  inroads  of  salt-water 
which  finds  its  way  to  them  either  from  the  gas-rock  or  some  other 
source.  It  must  be  removed  every  day,  if  the  flow  of  gas  is  to  be  main- 
tained uninterrupted.  In  fact,  the  wells  are  often  pumped  twice  a 
day.  Not  more  than  two  buckets  of  brine  are  raised  at  a  pumping,  but 
this  small  amount  must  be  promptly  and  regularly  drawn,  or  the  well 
will  rapidly  deteriorate.  The  gas-rock  is  porous  and  permeable  to  a 
high  degree,  as  has  been  demonstrated  by  many  practical  tests,  and  the 
neglect  of  any  well  tells  at  once  on  those  that  are  around  it. 

If  the  fifty  acres  of  the  Carpenter's  Run  field  could  have  been  kept 
under  intelligent  control  from  the  first,  they  would  doubtless  have 
yielded  a  supply  many  times  larger,  so  far  as  utilized  gas  is  concerned, 
than  they  have  yielded,  and  many  times  more  enduring.  There  are  no 
means  within  our  reach  for  the  protection  of  the  public  interest  in  these 
stores  of  power  from  the  destructive  effects  of  the  ignorance  and  greed  of 
individuals  except  monopolies. 

Gas  was  first  used  for  cooking  and  heating  and  for  street  lights  in 
East  Liverpool  in  the  summer  of  1874.  Works  had  been  established 
here  for  the  manufacture  of  artificial  gas,  but  they  had  proved  unsuc- 
cessful. The  plant  was  bought  in  at  a  small  fraction  of  the  original 
cost  by  a  new  company,  and  the  principal  gas  wells  were  secured  by 
the  same  company.  The  gas  was  at  once  tuVned  into  the  mains  and 
used  without  any  pressure  except  that  which  comes  from  the  wells 
themselves.  The  town  pays  $600  per  annum  for  all  the  street  lights 
that  it  sees  fit  to  use.  The  lights  are  never  extinguished.  The  city 
hall  and  jail  are  also  heated  and  lighted  with  gas.  There  are  fifty  or 
sixty  private  families  also  supplied  with  gas  from  the  wells,  for  which 
they  pay  $2.00  to  $2.60  per  month  for  every  stove.  The  gas  runs  short 
in  severe  weather.  There  seems  to  be  no  great  encouragement  to  the 
drilling  of  more  wells  in  this  immediate  neighborhood,  inasmuch  as 
many  late  ventures  have  proved  failures. 

Gas  was  early  applied  in  the  potteries  of  the  town  on  a  small  scale, 
and  the  need  of  a  large  amount  for  this  very  important  line  of  manufac- 
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tures  has  become  more  and  more  clearly  recognized.  Various  attempts 
have  been  made  to  secure  an  adequate  stock  by  drilling  wells  throughout 
the  neighborhood,  and  in  one  or  two  cases  by  sinking  wells  to  great 
<iepth.  The  record  of  the  deep  Knowles  well,  as  furnished  by  the  driller, 
Wm.  Manor,  is  as  follows :  The  upper  part  of  the  section  is  well  enough 
represented  by  the  record  previously  given.  From  the  Berea  grit  down- 
ward, shales  and  slates  prevailed  to  964  feet,  a  red  shale  being  found  at 
700  feet.  From  964  to  1,005  feet,  Mr.  Manor  reports  a  second  sandstone, 
the  counterpart  in  grain  and  color,  as  he  describes  it,  of  the  Berea  grit, 
and,  like  it,  a  gas-rock  of  decided  character.  From  1,005  to  1,800  feet, 
two-thirds  of  the  section  consists  of  black  slates,  the  remainder,  of  light- 
■colored  shale.  At  1,800  feet  a  five-foot  sandstone  was  struck,  containing 
gas  and  oil.  At  this  point,  blue  flag  or  shale,  with  occasionally  softer 
beds,  was  reached,  and  it  continued  to  the  bottom  of  the  drilling,  namely, 
2,954  feet.  The  well  was  cased  at  320  feet  in  the  Cuyahoga  shale,  and 
was  dry  throughout  the  whole  descent.  From  this  record  it  appears 
that  the  Ohio  shale  at  East  Liverpool  exceeds  2,400  feet  in  thickness, 
«nd  is  interrupted  by  sandstone  beds  at  various  horizoDs.  The  last- 
named  fact  is  one  of  great  interest,  but  should  occasion  no  surprise 
when  the  results  of  the  drillings  in  western  Pennsylvania  in  the  same 
great  shale  formation  are  called  to  mind.  These  deep  sandstones  of  the 
East  Liverpool  section,  in  all  probability,  represent  some  of  the  various 
oil-sands  of  the  Pennsylvania  scale. 

East  Liverpool  lies,  in  whole  or  in  part,  upon  a  low  fold  of  the 
strata  which  is  probably  the  extension  of  the  Fredericktown  anticlinal 
of  Prof.  I.  C.  White.  The  reality  of  the  fold  is  made  apparent  from 
the  fact  that  the  Berea  grit  descends  in  both  directions  from  Liverpool. 
At  Dry  Bun,  four  miles  east,  it  lies  about  100  feet  lower  than  it  does 
at  Liverpool.  At  Wellsville,  four  miles  west,  it  lies  seventy  feet  below 
the  Liverpool  level,  as  has  been  demonstrated  by  the  drilling  of  a  num- 
ber of  wells  at  this  point,  an  account  of  which  will  presently  be  given. 

The  Berea  grit  has  proved  fairly  productive  at  various  points  in 
this  part  of  the  valley.  The  wells  at  New  Cumberland  on  the  opposite 
side  of  the  river  and  a  few  miles  above,  are  quite  well  known  from  the 
manufacture  of  lamp-black  that  has  been  successfully  carried  on  here 
for  a  number  of  years.  The  gas  has  also  been  utilized  in  the  burning 
of  fire-brick  and  for  household  supply.  These  wells  have  the  same 
depth  as  the  wells  at  Smith's  Ferry,  and  show  the  same  section  that  is 
found  there.  The  gas-rock  lies  600  feet  below  the  valley  at  this  point. 
It  yields  a  much  more  vigorous  supply  than  the  East  Liverpool  wells. 
The  production  of  the  smallest  of  the  eight  wells  that  have  been  drilled 
here  is  counted  twice  as  large  as  that  of  the  best  well  at  East  Liverpool. 
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Most  of  them  have  now  been  producing  gas  at  least  ten  years,  and 
they  maintain  their  flow  fairly  well,  though  requiring  constant  atten- 
tion. A  fair  supply  of  gas  was  also  found  in  a  single  well  drilled  at 
Murray's  Mills,  almost  directly  south  of  East  Liverpool. 

The  section  cf  a  well  drilled  for  ^as  in  1885  at  Dry  Run,  four  miles 
above  East  Liverpool,  has  already  been  given  on  a  previous  page  and 
in  another  connection.  The  section  is  a  normal  one  in  all  respects. 
The  top  of  the  Berea  grit  is  here  688  feet  below  the  Middle  Eittanning 
coal  seam,  and  about  360  feet  above  tide-water.  The  Berea  grit  takes 
cover  rapidly  as  it  is  followed  to  the  eastward,  and  becomes  a  gas-rock 
of  great  energy  and  value  along  the  anticlinals  of  Beaver  county,  Pa. 
At  Wellsville,  four  miles  west  of  East  Liverpool  a  number  of  wells  have  ^ 
been  sunk  at  different  times,  and  one  recently  to  an  extreme  depth. 
None  of  them  are  productive.  It  is  much  to  be  regretted  that  no  good 
account  of  the  deep  well  last  drilled  has  been  preserved.  It  is  reported 
to  have  been  8,200  feet  deep,  and  yet  it  did  not  reach  the  bottom  of  the 
Ohio  shale.  This  measure  implies  a  total  thickness  of  the  formation 
exceeding  2,600  feet,  the  largest  measure  that  has  yet  been  reported  in 
Ohio.  The  Berea  grit  is  found  about  seventy  feet  lower  than  at  East 
Liverpool. 

The  East  Liverpool  field  can  not  be  counted  a  promising  one  from 
the  present  developments,  and  yet  it  offers  possibilities  of  low-pressure 
gas  of  a  very  useful  sort.  Some  of  its  wells  have  been  yielding  ^as  with- 
out interruption  since  1874,  and  are  still  maintaining  their  supply. 

SteubenviUe  Gaa-Wdh. 

Steubenville  can  scarcely  be  counted  in  the  productive  territory  of 
the  Berea  grit.  A  large  amount  of  money  has  been  expended  by  the 
energetic  business  men  of  the  town,  in  courageous  and  persistent  search 
for  the  new  fuel  in  the  rocks  that  underlie  them,  and  also  throughout 
their  immediate  vicinity,  but  none  of  these  wells  have  paid  for  drilling. 
From  many  of  them,  however,  a  small  production  was  realized,  which 
was  turned  to  account  as  long  as  it  lasted. 

The  wells  in  town  find  the  Berea  grit  at  a  depth  of  about  1,250  feet 
below  the  valley  level.  The  record  of  the  second  well,  drilled  by  the 
Jefferson  Iron  Works  near  their  mill  in  town,  will  be  given  at  this  point. 
It  was  furnished  by  W.  H.  Wallace,  Esq.,  President  of  the  company. 
The  record  was  accompanied  with  a  carefully  preserved  set  of  drillings,, 
which  has  been  turned  over  to  the  use  of  the  Geological  Survey.  The- 
record  is  as  follows,  viz. : 
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Drift. 

Bastard  limeetone ^ 

Blaeclay. 12 

Blue  sand '. 

Fire-clay,  place  of  Shaft  coal 

Gray  sand 

Blae  sand ^ 

Ooal^ 

Fire-clay. ; 

Shale  sand 

White  sand 

Black  slate. 

Shale  rock 

Black  slate  and  shale 


n^iT*""*{(8°bcarboniierou8Umeetone)}:;:;:;;;;;::;-;;:;;;      J 

Logan  group 


76  feet. 

20  " 

12  " 

6  " 

89  " 

J 

18  " 

'  1 

7J« 

-^ 

4  " 

60  " 

23  " 

86  " 

20  " 

26  « 

126  " 

6  " 

46  " 

8  ** 

82  •* 

10  ** 

30  '• 

140  « 

Black  slate 

White  sand 

Shale  sand 

Black  slate 

White  sand 

Black  slate— Cuyahoga  and  Berea  shale 280    *' 

Limestone  "  "         10    « 

Shale,  bottom  part  dark— Cuyahoga  and  Berea  shale 76    " 

White  sand  (Bereagrit). 6    " 

Black  slate  (Bedford  and  Ohio  shale) 1,290    '' 

Gas  was  found  in  the  five  feet  of  Berea  grit  at  1,225  feet  below  the 
surface,  or  at  550  feet  below  the  sea-level.  The  production  of  gas  was 
light,  and,  worse  than  that,  it  was  of  short  duration.  A  few  months 
made  the  limit  of  its  life.  From  one  example  the  history  and  fate  of 
all  the  Steubenville  wells  can  be  learned. 

Between  Steubenville  and  Moundsville  more  than  fifty  wells  have 
been  drilled  during  the  last  five  years  in  the  Ohio  Valley.  The  average 
cost  of  these  wells  is  not  less  than  $3,0(X)«  The  most  marked  success 
along  the  line  has  been  attained  at  Wellsburg,  W.  Va.,  and  at  Brilliant 
on  the  opposite  or  Ohio  side  of  the  river.  The  facts  can  be  best  told  in 
connection  with  Wellsburg. 

The  Wellsburg  and  Brilliaivt  Gaa-Fidd, 

The  Wellsburg  gas-field  dates  back  to  December,  1882,  when  the  first 
or  Barclay  well.  No.  1,  was  brought  in.  It  yielded  a  vigorous  flow  of  gas, 
and  awakened  great  interest  and  excitement  throughout  all  this  portion 
of  the  valley.  Surface  indications  of  gas  at  Wellsburg  had  been  noted 
from  the  settlement  of  the  country,  and  the  sinking  of  a  test  well  had 
been  discussed  for  a  long  time  in  this  community,  but  the  initiative  was 
at  last  taken  b>   W.  C.  Barclay,  Esq.,  a  leading  citizen  of  Wellsburg^ 

22        G. 
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The  record  of  this  well  was  kept  with  great  care  by  Dr.  E.  E.  Worthen, 
of  Wellsburg,  to  whose  intelligent  interest  in  the  recent  developments 
of,  the  valley  the  Survey  is  greatly  indebted.    The  record  is  as  follows : 

Drift,  clay,  sand  and  gravel 72  feet 

Blue  sandfltone.. 6  " 

Black  slate ^ 36  " 

Fire-clay 22  ** 

Bute 12  " 

Coal,:  (Steabenville  Shaft  seam).. 4  '' 

Fire-clay 20  " 

Slate 60  " 

White  sandstone 40  " 

Slate  and  shale. ^ 74  *• 

Sandstone 16  " 

Slate  [and  shale 76  " 

Sandstone,^hite,  gray  and  bine 146  " 

OoalJ.. 6  « 

Slate  and  shale 81  " 

White  sandstone.  •••- 140  *' 

Slate  and  shale.. 60  " 

White  sandstone- 60  " 

Bine  Bhale^(bottom  portion  black).. 400  " 

Gil-sand 10  " 

The*interpretation  of  this  record  is  in  the  main  obvious.  The  Berea 
is  seen.to  have  a  thickness  of  ten  feet,  the  Cuyahoga  and  Berea  shales  of 
400  feet,  and  the  Logan  sandstone,  or  water  sand,  240  feet.  The  Coal 
Measure  Conglomerate  appears  in  the  heavy  sandstones  that  are  above 
this  level.  The  lowest  coal  reported  here  is  anomalous.  This  element 
appears  in  several  records.  The  identifications  of  rocks,  as  in  all  other 
cases,  are  mainly  those  of  the  driller,  and  must  not  be  insisted  upon  in 
all  instances.  The  section  of  the  well  herewith  given  represents  ade- 
quately all  of  the  wells  that  have  been  drilled  in  this  neighborhood,  the 
series  being  found  very  regular  throughout  this  entire  portion  of  the 
valley.  The  depth  of  the  wells  ranges  from  1,275  to  1,300  feet  below  the 
valley  level. 

Gas  was  struck  in  drilling  this  well  at  many  horizons.  The  first 
was  found  in  the  drift  in  a  bed  of  gravel  at  forty-three  feet,  the  second 
was  found  at  100  feet,  just  above  a  bed  of  black  slate,  the  third  was  found 
at  287  feet  in  the  top  of  a  white  sandstone,  the  fourth  was  found  at  400 
feet,  the  fifth  at  635  feet,  the  sixth  at  756  feet,  the  seventh  at  867  feet. 
The  well  was  cased  repeatedly  before  the  salt-water  was  shut  off.  The 
casing  finally  stood  at  about  900  feet.  As  is  seen  from  the  record  above 
given,  gas  was  found  all  the  way  down,  but  when  the  Berea  grit  was 
reached,  a  volume  was  unlocked  that  burned  with  a  flame  fifty  feet  long, 
and  the  roar  of  the  escaping  current  oould  be  heard  for  miles.    The 
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casing  of  the  well  was  thought  to  be  defective  from  the  fact  that  more  or 
less  salt-water  was  delivered  with  the  gas  from  the  first.  From  later 
developments,  it  is  probable  that  the  salt-water  came  at  least  in  part 
with  the  gas  from  the  Berea  grit.  The  great  flood  of  February,  1883, 
found  access  to  the  well  and  drowned  it.  It  never  recovered  its  vitality 
after  this  interruption.  Its  flow  was  measured  in  July,  1885,  and  the 
daily  product  of  gas  was  found  to  be  30,628  feet. 

The  Rocky  Point  well  that  was  drilled  in  April,  1883,  proved  to  be 
a  geyser.  The  gas  periodically  gathered  force  enough  to  throw  out  the 
salt-water  that  entered  the  well  with  it,  and  from  which  it  was  impos- 
sible to  separate  it.    This  well  was  of  no  value. 

The  Spaulding  well,  No.  1,  was  completed  in  May,  1883.  It  showed 
a  good  pressure  to  begin  with,  but  soon  ran  down  to  insignificant  pro- 
portions. The  cause  of  its  decline  was  the  influx  of  salt-water,  which, 
as  in  other  instances,  entered  from  the  sand-rock  or  Berea  grit. 

The  Barclay  well.  No.  2,  was  drilled  by  the  side  of  the  Pioneer  well, 
to  recover,  if  possible,  the  gas  lost  in  the  former  by  the  flood  of  1883. 
It  proved  a  successful  well  in  every  respect.  It  was  finished  in  April, 
1883.  It  was  measured  in  July,  1885,  and  was  then  producing  469,000 
cubic  feet  per  day.  These  wells  were  all  located  below  the  town  near 
the  mouth  of  Bufiialo  Creek. 

The  noted  Dalzell  well  followed  soon  after.  It  was  the  first  of  the 
new  group  of  wells  located  above  the  town  in  and  at  the  mouth  of  Skull 
Hollow.  It  proved  to  be  by  far  the  most  vigorous  of  the  entire  series 
thus  far  found.  No  measurements  were  taken  by  which  its  production 
can  be  determined;  but  according  to  all  accounts  it  must  have  yielded 
several  million  cubic  feet  of  gas  per  day.  It  burned  from  the  well-head 
unobstructed  for  a  number  of  months. 

The  gas  was  utilized  in  every  way  which  the  business  of  the  town 
would  allow  during  1884,  viz.,  in  a  paper- mill,  in  glass  works,  in  a  brick 
kiln,  and  chiefly  in  domestic  use.  But  although  the  supply  of  gas  was 
far  in  advance  of  all  demands,  the  work  of  drilling  wells  still  went  on,  an 
immense  volume  of  gas  continuing  to  go  to  waste.  In  May,  1884,  parties 
from  out  of  town  secured  a  location  on  a  village  lot  two  or  three  hundred 
feet  from  the  two  Barclay  wells  already  described  and  proceeded  to  drill, 
without  any  provisio^n  whatever  for  the  use  of  the  gas  when  found. 
They  struck  a  vigorous  flow,  as  was  to  be  expected  from  the  locality  in 
which  they  drilled,  and  the  gas  blazed  into  the  air  without  restraint  or 
care  for  at  least  fifteen  months,  to  the  time  when  this  record  was  made. 
The  flow  of  the  well  was  measured  in  July,  1885,  and  was  found  to  be 
460.800  cubic  feet  per  day.  For  the  fifteen  months  in  which  it  had  been 
burning,  it  can  safely  be  counted  500,000  cubic  feet  per  day.    The  total 
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production  during  this  time  cannot,  therefore,  be  less  than  225,000,000 
cubic  feet.  At  the  low  estimate  of  eight  cents  per  thousand  cubic  feet, 
this  wanton  waste  of  power  makes  an  aggregate  of  $18,000  in  value. 
Fourteen  wells  had  been  drilled  in  the  summer  of  1885;  a  number  have 
since  been  added. 

It  will,  perhaps,  have  been  noticed  that  in  giving  this  account  of 
the  field,  the  past  tense  has  been  constantly  used.  This  use  is  deter* 
mined  by  the  facts.  By  the  end  of  1885,  Wellsburg  gas  was  substantially 
exhausted.  The  main  supply  at  this  time  was  derived  from  a  single 
well  juut  outside  of  the  town.  Gas  has  since  been  piped  in  from  more 
distant  fields.  Salt-water  had  followed  up  and  overrun  the  wells,  one 
after  another,  dampening  and  finally  extinguishing  their  flames.  The 
history  is  a  significant  one,  and  should  bring  warning  to  the  towns  that 
are  following  the  same  line  of  policy  that  has  here  been  described.  -  The 
gas  wantonly  wasted  from  the  single  well  above  named  would  have  pro- 
longed  the  Wellsburg  supply  for  months  and  even  years. 

The  gas-wells  of  Brilliant,  opposite  Wellsburg,  ran  a  much  shorter 
course  than  even  the  wells  just  described,  and  there  is  nothing  whatever 
to  show,  at  the  present  time,  for  the  great  expenditure  that  has  been 
made  in  this  interest  throughout  this  entire  region. 

The  district  in  which  these  gas-wells  have  been  found,  between 
Qteubenville  and  Wellsville,  including  both  places,  is  undoubtedly 
affected  by  the  passage  across  it  of  one  of  theanticlinals  that  traverse  all 
of  western  Pennsylvania.  The  strata,  that  had  been  found  dipping 
rapidly  to  the  southward  from  East  Liverpool  to  Steubenville,  are 
arrested  in  their  descent,  and  a  rate  of  fall  of  thirty  to  forty  feet  per 
mile  is  instantly  exchanged  for  an  average  descent  of  seven  or  eight  feet 
to  the  mile;  and  this  descent  is  so  distributed  that  the  rocks  lie  almost 
absolutely  level  for  considerable  areas.  The  main  development  of  the 
Wellsburg  axis  is  to  be  found  to  the  northeastward  in  Pennsylvania. 
It  seems  quite  probable  that  the  vigorous  wells  of  the  Raccoon  district 
of  Beaver  county  lie  on  the  true  summit  of  this  Wellsburg  anticlinal. 

The  Neff  Qas  Wells. 

The  most  thorough  search  for  petroleum  in  Central  Ohio  during 
the  oil  excitement  of  1865  to  1875,  was  conducted  by  Peter  Neff,  Esq.,  in 
the  eastern  portion  of  Knox  county,  and  in  adjacent  territory,  No  single 
field  in  the  state  has  ever  been  explored  at  as  large  an  expenditure  af^ 
this,  and  from  a  portion  of  it  there  has  been  realized  a  considerable  re- 
turn.  This  is  an  exceptional  fact  in  outlays  of  this  kind.  Most  of  these 
investments  are  permanent.    The  search  for  oil  was  practically  a  fail- 
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ur«,  but  instead  of  oil,  large  volumes  of  gas  were  discovered  in  several 
wells,  and  a  novel  but  important  use  of  the  gas  was  for  the  first  estab- 
lished here  on  this  discovery*  The  wells  were  the  most  notable  in  their 
production  of  gas  that  had  recently  been  found  in  the  state,  if  indeed 
they  had  ever  been  equaled  in  this  respect,  and  thus  they  became 
widely  celebrated.  Furthermore,  they  were  made  the  subjects  of  special 
examination  and  report  by  the  leading  geologists  of  this  part  of  the 
country,  viz.,  Newberry  and  Winchell,  and  they  have  thus  secured  a  large 
measure  of  prominence  in  the  literature  of  oil  and  gas.  At  a  later  date, 
when  the  survey  of  the  state  was  in  progress,  an  excellent  report  upon 
the  field  was  prepared  by  M.  C.  Read,  Esq.  This  appears  in  Volume 
III,  Geology  of  Ohio  (page  840,  etc.) 

It  is  not  possible  to  add  a  great  deal  to  these  several  sources  of 
information  in  regard  to  these  wells,  but  the  present  chapter  on  the  oil 
and  gas-production  of  the  Berea  grit  in  Ohio  would  be  obviously  and 
inexcusably  incomplete  without  some  account  of  the  present  status  of 
this  well-known  field. 

The  locations  and  general  relations  of  these  wells  have  been  already 
shown  on  page  323.  It  is  there  seen  that  the  gas-rock  on  which  they 
all  depend  is  unmistakably  the  Berea  grit.  That  the  stratum  is  here 
affected  by  the  structural  peculiarities  that  are  elsewhere  associated 
with  the  production  of  oil  and  gas,  scarcely  admits  of  a  doubt.  The 
approximate  measurements  of  Mr.  Read  (taken  by  an  aneroid  barometer) 
which  appear  in  his  report,  seem  to  support  such  a  view,  but  careful 
determinations  by  the  spirit  level  are  necessary  to  furnish  a  proper  basis 
for  any  reliable  statement  as  to  arch  or  terrace  here.  The  topography 
of  the  region  is  quite  bold  and  well-marked,  but  there  is  nothing  in  it 
that  cannot  be  well  enough  accounted  for  through  the  ordinary  agencies 
of  erosion  and  atmospheric  waste.  It  is,  of  course,  entirely  possible  that 
the  watersheds  of  the  present  drainage  systems  are  low  arches  or  anti- 
clinals,  but  this  must  be  proved,  not  assumed.  The  presumption  is 
against  it.  The  pressure  of  the  newer  fields  upon  the  limited  resources 
of  the  Survey,  during  the  last  three  years,  has  rendered  it  impossible  to 
give  to  these  questions  the  attention  that  they  well  deserve,  but  it  is  greatly 
to  be  desired  that  the  extensive  and  reliable  data  accumulated  by  Mr. 
Nefi'in  his  prolonged  investigations,  shall  yet  be  fully  utilized  by  being 
incorporated  into  a  system  of  accurate  measurements  covering  the  entire 
field.  Whenever  this  work  is  done,  it  is  well-nigh  certain  that  the 
secret  of  the  unusual  production  of  this  district  will  be  brought  to  light, 
and  at  the  same  time  a  valuable  contribution  will  be  made  to  the 
general  subject  of  petroleum  and  gas  accumulations. 

Drilling  leases  are  held  on  a  large  territory  by  Mr.  Neff  and  his 
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aBsociates,  and  the  terms  of  the  leases  require  new  wells  to  be  occasion- 
ally put  down.  Within  the  last  seven  years  two  or  three  have  been 
added  to  those  previously  sunk.    Eleven  have  been  drilled  in  all. 

cluster  of  wells,  picturesquely  located  at  the  junction  of  the 
Kokosing  and  Mohican  rivers,  monopolizes  the  economic  interest  of  the 
entire  series.  Two  of  the  wells  were  drilleii  in  1865,  and 'have  been 
producing  gas  ever  since,  much  of  the  time  under  most  disadvantageous 
conditions.    Two  of  them  are  of  more  recent  date. 

It  is  here  that  Mr.  NeflF  established  the  first  works,  so  far  as  known, 
for  the  manufacture  of  lamp-black  from  natural  gas.  The  idea  was  his 
own,  and  he  worked  out  with  great  ingenuity  and  perseverance,  its 
practical  and  successful  embodiment  in  a  fairly  equipped  manufactory. 
The  interest  is  now  quite  a  large  one  in  western  Pennsylvania,  and  the 
present  yield  of  the  pioneerwells  makes  but  an  insignificant  fraction  of  the 
total  production,  but  all  the  essential  step^of  the  manufacture,  as  it  now 
exists,  were  worked  out  here  and  at  the  beginning.  Mr.  NefT's  location 
was  unfavorable  on  account  of  the  distance  from  all  lines  of  trans- 
portation, but  all  disadvantages  were  for  a  time  overcome. 

The  quality  of  the  lamp-black,  furnished  by  this  process,  is  recog- 
nized as  of  the  highest  excellence.  Nothing,  in  fact,  is  left  to  be  desired. 
For  many  years  the  Neflf  works  have  supplied  stock  to  Harper  &  Bros., 
the  New  York  Tribune,  and  other  equally  well-known  printing  and  pub- 
lishing houses.  The  product  has  also  been  exported  in  considerable 
quantities  to  Germany  and  England. 

The  history  of  the  early  wells  is  to  be  found  in  Mr.  Read's  account 
already  referred  to,  A  few  facts  recently  obtained  can,  however,  be 
profitably  added  here.    These  facts  chiefiy  bear  on  the  life  of  the  wells. 

Well  No,  1  was  drilled  in  1865.  It  is  the  famous  **  geyser  well "  of 
the  early  literature  to  which  reference  has  been  made.  It  was  counted 
at  the  time  that  the  well  was  brought  in  as  the  most  remarkable  dis- 
play of  gaseous  energy  that  had  ever  been  put  on  record  in  the  state. 
Just  how  it  would  compare  with  the  great  gas  wells  of  our  own  day,  it 
is  impossible  to  say,  but  it  would  probably  be  found  decidedly  inferior 
to  our  first- class  wells  in  both  volume  and  pressure.  It  was  allowed  to 
stand  without  being  cased  for  a  number  of  years  until  its  energy  was 
largely  spent.  It  is  now  producing,  as  measured  in  May,  1887,  by  the 
anemometer,  65,000  to  79,000  cubic  feet  of  gas  per  day,  the  temperature 
of  the  gas  being  at  the  time  of  measurement  62^  F. 

Well  No.  2,  also  drilled  in  1865,  was  left  neglected  for  nine  years. 
It  was  then  tubed  and  packed  and  has  been  in  service  ever  since.  It  is 
jiow  producing  164,376  cubic  feet  of  gas,  temperature  59^  F.,  per  day. 
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Wells  No3.  9  and  11,  drilled  since  1880,  are  producing  respectively 
71,000  and  104,000  cubic  feet  per  day. 

The  combined  production  of  the  four  wells  can  be  counted  400,000 
cubic  feet  per  day,  the  temperature  of  the  gas  being  60^  F. 

The  wells  require  constant  care  to  keep  them  free  from  salt-water, 
which  enters  from  the  Berea  grit,  in  company  with  the  gas.  The  last 
two  wells  not  only  require  frequent  pumping,  but  throw  more  or  less 
salt-water  constantly.  The  older  wells  require  the  removal  of  the  salt- 
water every  three  or  four  days.  The  price  of  the  manufactured  lamp- 
black has  been  reduced  from  forty  cents  to  twelve  cents  per  pound  by 
the  competition  introduced.  Under  these  conditions  there  is  no  stand- 
ing ground  for  small  wells. 

It  remains  to  add  that  this  somewhat  scanty  production  of  gas  is 
the  best  supply  at  present  furnished  by  the  Berea  grit  in  the  state,  out- 
side of  the  Macksburg  field  and  a  few  points  in  Washington  county. 
There  are  some  important  facts  in  the  history  now  set  forth,  touching 
the  duration  of  the  supply.  The  two  leading  wells  of  the  series,  Nos.  1 
and  2,  are  now  twenty-two  years  old.  More  than  this,  both  were  sadly 
neglected  in  their  youth.  That  anything  of  the  original  flow  should 
remain  after  the  repressive  action  of  a  water  column  resting  upon  the 
gas-rock  for  years  without  relief,  seems  surprising.  The  native  energy 
of  the  flow  is  well  attested  by  its  return  and  its  continuance  in  the 
volumes  already  measured  and  reported. 

There  is  good  reason  to  believe,  not  only  that  this  field  is  by  no 
means  exhausted,  but  also  that  there  are  other  possibilities  of  the  same 
sort  yet  undiscovered  in  this  portion  of  the  state.  At  the  same  time  we 
cannot  forget  that  the  present  development  stands  for  a  large  outlay, 
and  that  while  individual  wells  may,  perhaps,  be  found  to  make  return 
for  the  money  expended  upon  them,  the  account  of  the  field  is  very  far 
from  being  balanced.  All  would,  however,  be  changed  if  any  one  of  the 
county  towns  in  central  Ohio  should  secure  such  a  supply  as  Mr.  Neff 
has  so  skillfully  found  a  use  for  in  the  isolated  valley  of  the  Walhonding. 


III.    OTHER  EXPLORATIONS  FOR  GAS  AND  OIL  WITHIN  THE  TER- 
RITORY  OF   THE   BEREA   GRIT. 

The  Berea  grit  is  not  the  only  oil  or  gas-rock  that  is  to  be  found  within 
the  area  where  it  occurs.  The  Logan  sandstone,  and  the  Conglomerate 
and  Coal  Measure  sandstones  may  all,  under  suitable  circumstances,  be 
tound  petroliferous,  and  all  are  so  found.  But  there  is  not  much  reliance 
to  be  placed  on  them  in  this  connection,  and  they  are  never  found  pro- 
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ductive^to  [any  considerable  degree,  unless  the  Berea  grit  is  also  found 
productive  at  the  same  locality.  It  is  strictly  true  that  this  formation 
is  the  main  source  of  oil  and  gas  wherever  it  occurs.  If,  in  any  particular 
territory  it  is  found  wanting  in  this  respect,  we  have  no  reason  to  expect, 
according  to  present  knowlsdge,  that  such  territory  will  be  found  to  be 
a  source  of  high-pressure  gas,  or  of  large  stocks  of  oil.  It  is  to  be  particu- 
larly noted  that  there  is  no  known  source  of  large  accumulation  in  any 
rock  that  underlies  the  Berea  grit  in  the  districts  which  it  occupies,  so 
far  as  Ohio  is  concerned.  In  the  southeastern  part  of  the  state,  it  is  true, 
there  is  a  bare  possibility  that  the  oil-sands  of  western  Pennsylvania, 
which  belong,  in  the  geological  scale,  between  the  Berea  grit  and  the 
Devonian  limestone,  may  come  in.  One  or  two  of  the  records  already 
given  seem  to  point  to  the  possible  presence  of  sandstones  in  this 
interval ;  but  in  all  other  parts  of  the  field  the  explorations  made  are 
sufficient  to  demonstrate  that  there  is  nothing  to  be  looked  for  below 
the  Berea  grit  which  can  serve  as  an  oil  or  gas  reservoir  on  the  large 
scale.  The  fact  that  the  Trenton  limestone  lies  below  is  not  lost  sight 
of,  but  its  presence  has  no  economic  significance  or  value  in  this  con- 
nection. If  it  were  proved  to  hold  accumulations  in  its  deep  descent 
under  the  Carboniferous  system  of  the  state,  it  would  still  be  altogether 
impracticable  to  attempt  to  reach  and  release  them  there.  The  drill 
would  be  obliged  to  penetrate  1,000  to  2,500,  and  perhaps  3,000  feet  of 
Ohio  shale,  in  the  first  place,  underneath  which  are  due  at  least  1,000 
feet  of  Devonian  and  Upper  Silurian  limestones,  very  fine  and  hard,  and 
charged  with  the  rankest  of  salt  and  sulphur-water.  The  wells  would 
need  to  be  cased  to  the  bottom  of  the  limestone  series,  and  this,  in  itself, 
is  enough  to  show  that  any  such  scheme  is  tiioroughly  impracticable. 
But  the  Trenton  limestone  is  still  far  below.  Intervening  between  it 
and  the  bottom  of  the  Clinton  limestone,  the  last  element  of  the  series 
already  named,  there  are  no  less  than  1,000,  and  very  likely  2,000  feet 
of  Medina,  Hudson  River  and  Utica  shales,  or  sandstones.  But  even  if  the 
drill  were  sent  down  through  this  four  or  five  thousand  foot  interval,there 
is  no^  the  slightest  reason,  so  far  as  present  experience  goes,  to  expect  any 
large  accumulation  of  petroleum  when  it  gets  there.  There  is  not  a 
single  fact  that  points  to  large  stocks  in  the  Trenton  limestone  when  it 
descends  to  these  great  depths  in  the  scale.  The  possibilities  of  accumu- 
lation are  freely  admitted,  but  no  facts  are  known  that  show  such  possi- 
bilities to  be  realized. 

The  Berea  grit  must  then,  according  to  present  knowledge,  be 
counted  the  farewell  rock  in  the  oil  and  gas  production  of  eastern  Ohio. 
There  is  nothing  to  warrant  the  expectation  of  large  stocks  of  oil  or 
high-pressure  gas  beneath  it.    In  passing  it,  we  leave  the  hope  of  such 
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supplies  behind.  Low-pressure  gas  of  a  very  useful  and  desirable  sort 
is  found  in  the  shale  series,  but  that  is  adapted  to  home  consumption 
rather  than  to  long  transport  and  large  uses. 

To  these  general  and  positive  statements  an  exception  will  perhaps 
be  counted  by  some  in  the  case  of  the  Lancaster  gas  horizon  which  is 
to  be  presently  described. 

Much  of  the  drilling  that  has  been  done  in  eastern  Ohio  within 
the  last  two  years  has  been  carried  forwai-d  without  the  recognition  of 
the  facts  here  presented.  A  town  or  company  sets  out  to  secure  natural 
^as  from  the  underlying  strata.  The  company  is  generally  glad  to  learn 
that  there  is  a  chance  for  success  in  the  Berea  grit,  and  this  horizon  is 
watched  with  care  as  the  work  goes  forward,  but  when  the  drill  reaches 
it  and  passes  it  and  finds  it  destitute  of  value,  the  question  of  supply  is 
very  seldom  counted  settled  thereby.  The  test  would  be  considered  very 
unsatisfactory  and  the  company  very  much  lacking  in  enterprise,  if  the 
49earch  were  allowed  to  terminate  here.  The  drill  is  continued  at  work, 
And  1,000  or  2,000  feet  are  added  to  the  record  of  failure  already  made 
And  established  by  the  negative  record  of  the  Berea,  grit.  Especially 
since  the  petroliferous  character  of  the  Trenton  limestone  in  north- 
western Ohio  has  been  discovered,  many  efforts  have  been  made  by  towns 
situated  within  the  Berea  grit  territory  to  reach  the  new  horizon.  Two 
or  three  of  these  efiforts  have  succeeded.  But  few  of  the  rest  have  yet 
■come  within  1,000  feet  of  the  goal.  There  is  no  reason  whatever  to  be- 
lieve that  the  Trenton  limestone  has  any  value  as  a  source  of  oil  and 
gas,  when  it  underlies  the  Berea  grit.  The  last-named  formation,  in 
the  areas  occupied  by  it,  is  usually  the  only  available  reservoir  of  oil  and 
gas  on  the  large  scale;  but  if  not  the  only  one,  at  any  rate  it  is  always 
the  lowest  reservoir.  In  many  instances  small  supplies  of  gas  have 
been  found  in  the  Berea  grit,  but  because  small,  they  are  counted  un- 
satisfactory, and  money  enough  to  drill  two  or  three  other  wells  to  this 
horizon,  the  aggregate  product  of  which  might  be  worth  using,  is  spent 
in  driving  through  the  shales  a  deep  hole  to  predestined  failure  in  the 
barren  series  beneath. 

Under  the  present  section,  the  deep  drilling  that  has  been  carried 
forward  in  all  this  part  of  the  state  which  is  underlain  with  the  Berea 
grit  will  be  considered,  even  though  this  formation  may  have  been  an 
unnoticed  or  unimportant  element  in  the  records  made  of  the  wells. 
To  this  list  will  be  added  the  account  of  the  wells  drilled  along  the 
margin  of  the  formation  with  the  purpose  of  reaching  the  Trenton 
limestone.  For  convenience,  the  records  will  be  taken  up  by  groups  of 
counties. 
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A.    Deep  Wells  of  Erie,  Huron,  Lorain  and  Cuyahoga  Counties. 

Milan. 

The  deep  well  at  Sandusky,  which  was  begun  in  the  Upper  Uelder- 
berg  limestone,  and  which,  according  to  the  driller's  record,  found  the 
Trenton  at  2,210  feet,  has  been  already  described  in  Chapter  III. 
Another  deep  well,  drilled  in  the  county  early  in  1885,  deserves  record 
here,  viz.,  the  Milan  well.  It  was  drilled  for  a  citizens'  company,  by 
Mr.  W.  M.  Martin,  who  preserved  a  careful  and  intelligent  account  of 
the  strata  passed  through,  together  with  samples  of  the  drillings  from 
very  many  horizons.  Both  record  and  samples  have  been  kindly 
furnished  to  the  Survey  by  Mr.  Martin.  The  record,  as  interpreted  by 
the  samples,  is  as  follows : 

Drift 14  feet. 

Black  shale,  bottom  of  Ohio  shale 166  " 

Limestone,  brown,  blue  and  gray.  Upper  Helderberg,  Lower  Hel- 

derberg  and  Niagara  limestones 1,060  ** 

Niagara  shale  and  Clinton  limestone,  the  latter  red  in  part.. 110  " 

Medina  shale,  red 287  " 

Hudson  River  shale,  blae  and  gray,  with  shales  and  limestone,  to»  2,000  " 

It  thus  appears  that  the  entire  upper  limestone  series  is  here  l,160feet 
thick.  This  agrees  well  with  the  Sandusky  record,  in  which  the  same 
elements  were  made  1,170  feet  thick  from  an  entirely  independent 
record.  The  Milan  well  was  early  in  the  field,  but  the  order  of  facta 
developed  was  exactly  what  would  now  be  expected  and  predicted. 
Bitter  and  salt-water  was  found  low  down  in  the  limestone,  and  it  waa 
necessary,  on  this  account,  to  set  the  casing  deep.  The  well  yielded 
neither  oil  nor  gas  in  any  notable  amount.  The  deceptive  promise  of 
the  black  shale  that  makes  the  surface-rock  here,  and  that  gives  rise,  as 
usual,  to  many  small  gas  springs,  encouraged  the  drilling  of  the  well; 
but  the  promise  was  misunderstood  when  it  was  referred  to  gas  from  the 
deep-lying  rocks. 

Birmmgham, 

An  experimental  well  has  been  under  way  for  a  year  or  more  at 
Birmingham,  Erie  county,  under  the  direction  of  W.  K.  Vandergrift. 
It  was  begun  in  the  Ohio  shales  and  not  very  far  from  the  level  of  the 
Berea  grit.  The  shales  afford  the  usual  surface  indications  of  oil  and 
gas,  and  have  thus  given  rise  to  great  but  delusive  expectations,  ever 
since  the  values  of  oil  and  gas  have  been  known.  The  upper  part  of 
the  record  is  not  now  at  hand,  but  after  passing  through  600  feet,  or 
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thereabouts,  of  the  shale  series,  the  upper  limestone  series  was  struck 
in  due  order.  This  series  was  finished  at  1,705  feet,  below  which  the 
following  record  is  furnished  by  the  driller : 

Shells  and  slate 100  feet. 

Red  rock 200    " 

Shells  and  slate 200    « 

Limestone ^      80    " 

Shells  and  slate 286    " 

Depth  of  well  at  time  of  records 2,620    '* 

The  ''  shells,"  so-called,  are  hard  layers  of  limestone,  generally  a 
foot  or  two  thick.  A  little  salt-water  was  struck  at  1,650  feet.  The 
well  was  cased  as  1,052  feet,  in  a  white  shale,  the  place  of  which  can- 
not be  correlated  with  any  known  horizon.  The  well  is  directed  to  the 
Trenton  limestone,  but  it  will  require  a  descent  of  several  hundred  feet 
more  to  reach  this  barren  rock. 

Elyria. 

At  Elyria  several  wells  have  been  drilled  within  the  last  few  years» 
furnishing  a  section  from  the  Berea  grit,  in  which  they  are  begun,  to 
the  Upper  Helderberg  limestone.  The  well  of  Mr.  George  H.  Ely  satis- 
factorily represents  all  of  those  wells,  except  in  one  particular.  There 
is  found  here  a  very  unusual  and  abnormal  thickening  of  the  Berea  grit» 
The  record  of  the  well  is  as  follows : 

Drift 17  feet 

Berea  grit 170    " 

Bedford  and  Ohio  shale.. 800    " 

Upper  Helderberg  limestone  strack  at. 887    " 

The  dip  of  this  last-named  stratum  from  Front's  Station,  south  of 
Sandusky,  to  Elyria,  is  957  feet,  or  thirty-four  feet  to  the  mile  in  a  due 
east  direction.  There  is  also  a  considerable  northerly  descent  in  the  dip 
in  this  part  of  the  state. 

As  to  the  great  thickness  of  the  Berea  grit,  as  shown  in  this  well- 
record,  it  is  to  be  noted  that  the  formation  is  unusually  irregular  here. 
The  Bedford  shale  on  which  it  rests  presents  a  very  uneven  surface,  due 
to  erosion  before  the  grit  was  deposited.  While  probably  none  of 
the  outcrops  of  the  Berea  grit  in  the  neighborhood  exceeds  100  feet  in 
thickness,  there  are  records  of  other  wells  in  the  county  that  show  an 
equal  measure.  In  the  oil-wells  of  Belden  the  range  of  the  sandstone  i» 
said  to  have  been  from  6  to  170  feet.  The  800  feet  of  shale  in  the  well 
consists  of  the  same  alternation  of  black  and  blue  bands  that  have  been 
elsewhere  described.  Gas  was  found  in  the  shale  at  300  feet,  and  at 
many  other  levels  as  the  drill  went  down. 
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When  the  limestone  was  struck  a  heavy  flow  of  the  salt  and  sulphur- 
water  that  is  characteristic  of  it  was  released.  It  was  afterward  shut 
out  of  the  well  by  plugging,  and  an  unobstructed  flow  of  the  shalegas 
was  thus  rendered  available.  The  well  supplies  fuel  for  a  large  resi- 
dence two-thirds  of  th6  year,  but  falls  short  of  the  demand  in  the  sever- 
ity of  the  winter.  Messrs.  Hogan  and  Nelson  have  also  drilled  wells  in 
town  to  the  bottom  of  the  shale,  with  similar  satisfactory  results  in 
fiecuriiig  supplies  of  gas  for  household  use. 

The  surface  rocks  are  seen  to  be  much  disturbed  in  the  quarries 
■around  Elyria,  and  the  facts  at  hand  indicate  an  anticlinal  passing 
through  the  center  of  the  town  in  a  northwesterly  direction.  Further 
explorations  may  prove  the  appearances  illusory,  and  the  dips  may  not 
be  continuous.  ^ 

Weliington 

Two  wells  have  recently  been  drilled  at  Wellington  by  a  company 
of  public-spirited  citizens,  in  order  to  prove  the  capacity  of  the  under- 
lying rocks  as  a  source  of  gas.  The  section  obtained  in  the  first  well  is 
as  follows : 


Drift 108  feet. 


Yellow  cl|iy 10  feet 

Blue  clay 41    " 

Qaicksand 46    ** 

Blue  clay 6    " 

Gravel.. 23    " 

Blue  clay 8    " 

Dark  Bhale(Berea) 30  feet. 

Mud  rock  (Berea  grit) 8    '* 

Bedford  shale,  red 96    " 

Black  shale 146    " 

Blue  shale 236    " 

Shales,  alternately  black  and  blue 320    " 

Light-blue  shale 108    « 

The  Upper  Helderberg  limestone  was  struck  at  1,033  feet,  or  174 
feet  below  tide.  The  Berea  grit  is  represented  by  eight  feet  only  of 
muddy  sandstone.  The  surface  of  it  is  721  feet  below  tide.  The  well 
was  drilled  into  the  limestone  twenty  feet.  Gas  was  struck  at  the  fol- 
lowing depths :  118,  212,  259,  364  and  434  feet.  The  first  vein  came 
from  the  Berea  shale.  The  last  supply  was  the  strongest  of  all.  The 
production  of  gas,  as  measured  by  the  anemometer  through  the  casing 
on  March  12, 1887,  was  found  to  be  8,208  feet  per  day.  An  ultimate 
pressure  of  fifty-two  pounds  was  reported  for  the  well,  but  when  the 
well  is  allowed  to  flow  unobstructed  for  a  time,  the  pressure  rises  but 
-very  slowly  for  some  time  thereafter. 

Well  No.  2  gives  the  following  section  :  its  production  is  about  half 
that  of  No.  1. 
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Bine  day 40  feet. 

Qaicksand,  red ^  26    " 

Gravel ^  16    " 

Blueclay 6    " 

Ouyahoga  and  Berea  shale #. 60    '* 

Bereagrit 80    " 

The  surface  of  the  Berea  grit  in  this  well  is  724  feet  above  tide.. 
The  return  of  this  formation  to  something  like  its  normal  volume  in. 
the  short  interval  between  the  two  wells  will  be  noted. 

A  remarkable  and  instructive  experience  is  derived  from  this  welL 
Under  the  forty  feet  of  tough,  compact  blue  clay  which  makes  the- 
surface  of  the  country  here,  a  bed  of  clean,  white  lake  sand  was  struck^ 
which  proved  to  be  twenty-five  feet  thick.  This  sand  was  found  desti* 
tute  of  water,  but  charged  with  high-pressure  gas.  When  tapped  by 
the  drill,  the  gas  broke  out  with  great  violence,  first  throwing  all  the 
water  from  the  well,  and  when  that  was  gone,  sending  out  a  storm  of 
sand.  It  is  computed  that  more  than  a  ton  of  sand  was  thrown  out  in 
this  way  in  the  course  of  a  few  hours.  When  lighted,  the  flame  blazed 
more  than  twenty  feet  high.  In  order  to  go  on  with  the  drilling,  it  wa& 
found  necessary  to  case  out  the  gas.  The  supply  must  have  been  derived 
from  the  Berea  shale,  which  was  also  found  productive  of  gas  in  well 
No.  1.  In  this  last-named  well,  the  same  bed  of  sharp  sand  was  founds 
but  it  was  here  filled  with  water.  It  may  be  mentioned,  in  the  same 
connection,  that  a  bed  of  sand  of  the  same  character  was  recently  struck 
in  the  well  drilled  at  New  London  at  the  same  depth,  namely,  forty  feet^ 
and  that  here  it  held  quite  a  showing  of  oil.  It  is  obvious  that  the 
drift-beds  furnish  in  this  case  the  conditions  for  gas  and  oil  accumula* 
tion.  The  blue  clay  makes  an  impervious  cover,  the  sharp  sand  consti* 
tutes  the  reservoir,  while  an  adequate  source  is  found  in  the  Berea  shale 
that  lies  below.  The  element  of  structure  also  comes  distinctly  into- 
view  in  the  fact  that  in  the  second  well  the  sand-bed  lies  eleven  feet 
higher  than  in  the  first.  It  is  probable  that  the  sand  forms  a  contin- 
uous stratum. 

Lorain  county  agrees  with  other  coanties  thus  far  described  in  the 
Lake  Shore  tier,  in  containing  beneath  its  surface  vast  stocks  of  heat 
and  light,  but  like  the  other  portions  of  the  shale-territory,  there  is  no- 
known  source  of  high-pressure  gas  available  within  its  limits. 

An  unproductive  well  has  recently  been  drilled  in  Oberlin  to  the 
Devonian  limestone,  which  was  reached  at  about  700  feet. 

New  London. 

In  the  spring  and  summer  of  1887,  three  deep  wells  were  drilled  at 
New  London  and  in  its  vicinity.    The  facts  pertaining  to  them  were 
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carefully  collected  by  Mr.  C.  E.  Healy,  and  were  by  him  kindly  furnished 
to  the  Survey.  For  wells  that  traverse  the  Ohio  shale  series  these  have 
allfprovedjsingularly  barren  of  gas.  The  record  of  the  first  well,  which 
was  located  in  the  village,  is  as  fpUows : 

Clay ) 

Sand  and  gravel- ^Drift 90  feet. 

Gravelly  clay J 

Shales,  bottom  of  Cuyahoga  and  Berea  shale 76    " 

Fine  sand 62  feet-l^^^.  «»«f  qa    « 

Watersand 31    "     jBereagrit. 83 

Bedford  shale,  red  in  part.. 107    " 

Ohio  shale,  with  many  alternations  of  color 643    *' 

Devonian  limestone  stmckat 908    " 

One  unusual  fact  in  this  record  is  the  appearance  of  petroleum  in 
email  quantity  in  drift  sands  at  forty  and  again  at  sixty-three  feet  below 
the  surface.  The  oil  must  have  found  its  way  through  the  gravelly  clay 
from  the  underlying  shales.  It  will  be  remembered  that  a  remarkable 
flow  of  gas  was  found  from  a  similar  bed  of  sand  in  the  Wellington 
flection,  previously  reported. 

The  Berea  grit  was  full  of  water  in  this  well.  Fresh  water  was 
struck  at  a  depth  of  two  feet  in  the  stratum,  and  salt-water  at  a  depth 
of  twenty-five  feet.    The  well  was  finally  cased  at  260  feet. 

The  Ohio  shale  was  dark  when  first  struck,  but  not  black.  It  grew 
darker  for  100  feet,  from  which  point  the  ueual  alternations  were  met. 
The  color  was  quite  light  at  900  feet. 

In  the  other  wells  there  were  no  especially  noteworthy  facts.  The 
Cuyahoga  shale  furnished  considerable  gas  in  No.  2,  but  the  Berea  grit 
was  again  found  full  of  water,  which  overran  the  well. 

A  record  so  barren  as  this  was  not  to  be  expected  in  this  region. 
At  no  other  point  in  this  general  region  has  so  large  an  expenditure 
resulted  in  so  meagre  returns. 

Chicago  Junction. 

In  Huron  county  two  deep  wells  have  been  drilled  during  last  year, 
viz.,  at  Chicago  Junction,  and  at  Plymouth.  The  record  of  the  former 
is  as  follows : 

Drift 120  feet 

Dark-blue  shale 30    *' 

Black  and  greenish-bine  shales  alternating  approximately 160    " 

Limestone  was  struck  at  about  400  feet,  and  continued  850  feet  to 
1,250  feet,  where  drilling  was  suspended.  Salt-water,  charged  with 
sulphuretted  hydrogen,  was  struck  at  three  horizons,  the  last  apparently 
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being  at  about  900  feet.  The  limestone  changed  in  color  frequently,  and 
made  very  hard  drilling.  At  686  feet  there  were  fifteen  feet  of  dark-blue, 
hard  shales.  This  horizon,  it  is  well  to  note,  as  there  seems  to  be  a 
possibility  of  service  in  it  in  the  identification  of  this  difficult  series. 
The  stratum  appears  to  be  that  which  Winchell  has  named  the 
Tymochtee  shale  of  Wyandot  county,  an  element  of  the  Lower  Helder- 
berg  limestone.  Quite  a  flow  of  gas  was  found  at  the  summit  of  the 
last  series,  or  directly  beneath  the  400  feet  of  drift  and  shales  that  cover 
the  upper  limestone.  This  would  have  been  a  good  place  at  which  to 
stop  drilling.  There  was  nothing  to  encourage  a  deeper  descent. 
Several  other  wells  might  have  been  sunk  to  the  same  horizon  for  the 
money  that  was  used  in  going  down  through  850  feet  of  limestone. 

The  occurrence  of  gas  at  the  summit  of  the  Upper  Helderberg  lime- 
stone in  this  well  is  an  interesting  fact.  The  horizon  is  one  in  which 
gas  and  oil  are  due.  They  are  found  at  about  this  point  in  the  scale  in 
the  Canada  field,  but  in  Ohio  no  large  accumulation  has  yet  been  dis- 
covered in  connection  with  the  Upper  Helderberg  limestone,  and  at  but 
very  few  points  have  even  the  small  supplies  here  noted  been  found. 

PlymcvJtk. 

The  Plymouth  Natural  Gas  Company  was  organized  in  1886,  with 
fifty*two  stockholders.  A  well  was  begun  in  the  summer  on  the  east 
side  of  the  village.  The  record,  which  has  been  carefully  kept,  and 
which  is  well  supported  by  samples  of  drillings,  has  been  kindly 
furnished  by  Solomon  Spear,  Esq.    It  is  as  follows : 

Drift.. « 12  feet. 

Berea  grit 40    " 

White  Boapstone,  40  feet. 

Red  shale  (Bedford) .. 

Shales,  brown,  black  and  blue,  with  two  sandy  streaks,  continninK..  600  feet 
Limestone  was  struck  at 700    *' 

At  about  200  feet  in  the  limestone,  a  belt  of  dark-blue  shaly  lime- 
stone was  found,  resembling  the  bed  reported  in  the  Chicago  Junction 
well,  and  referred  there  provisionally  to  the  Tymochtee  shale. 

Since  this  record  was  made,  the  Plymouth  well  has  been  drilled  to 
the  Trenton  limestone,  which  was  reached  at  a  depth  of  2,900  feet.  An 
account  of  the  completion  of  the  well  is  contained  in  Chapter  III, 
page  302. 

Newburg. 

Most  of  the  Cleveland  wells  are  shale-gas  wells,  pure  and  simple,  begin- 
ning in  shale  and  ending  there.    These  will  be  treated  in  the  succeeding 
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chapter,  but  the  remarkable  record  of  the  well  drilled  during  the  last  two 
years  by  the  Cleveland  Rolling  Mill  Co.,  at  Newburg,  will  best  find 
place  here.  This  well  is  one  of  the  deepest  yet  drilled  in  the  state,  and 
it  has  required  a  large  expenditure.  Its  record  is  in  some  particulars 
anomalous,  and  no  completely  satisfactory  account  can  yet  be  given  of 
the  whole  of  the  section  reported  from  it,  but  the  publication  <rf  the 
section  will  make  a  comparison  of  it  with  other  records  possible,  and 
thus  perhaps  lead  more  speedily  to  the  true  solution.  The  well-head  i» 
about  seventy-five  feet  below  the  bottom  of  the  Berea  grit,  and  about 
780  feet  above  tide.    The  record  is  appended  : 

Total  depth. 

Drift,  sand,  clay  and  gravel 40  feet—     40  feet 

Shale,  changing  hi  color. 1,810  "  —1,850  " 

Limestone,  BoUd 810  "  —1,660  " 

Sand  with  first  saltrwater  vein.. 40  "  —1.700  " 

Limestone 290  "  —1,990  " 

Rock-salt  and  shale.. 164  "  —2,164  " 

"Shale" 16  "  -2,169  " 

Limestone 81  "  —2,250  " 

Rock-salt.. 50  «  —2,800  « 

"Shale,"  blueish 40  "  —2,840  " 

"Sand" 20  "  —2,860  " 

Shale 18  "  —2,878  " 

Lunestone 22  "  —2,400  " 

Rocksalt 20  "  —2,420  " 

"Shale" 10  "  —2,430  " 

Limestone 40  "  —2,470  " 

Rock-salt 5  "  -2.475  « 

"Shale" 8  "  —2,483  " 

Limestone 167  "  —2,650  " 

"OUsand" 8  "  —2,658  " 

Limestone 22  "  —2,680  " 

OU-sand 6  "  —2,686  « 

Limestone 64  "  —2,750  " 

The  shale  series  is  here  seen  to  be  about  1,400  feet  thick,  allowance 
being  made  for  the  absent  portions  of  the  Bedford  shale. 

The  Upper  Helderberg  limestone  is  included  in  the  300  feet  of  solid 
limestone  reported  directly  below  the  great  shale.  The  forty  feet  of  sand 
coming  next  in  order,  unlike  most  of  such  entries  in  the  drillers'  record 
in  western  Ohio,  is  the  genuine  article.  It  is  a  sharply  crystalline,  un- 
worn sand,  of  which  many  of  the  grains  are  unusually  perfect.  It 
matches  well  in  position  to  the  Sylvania  sand  of  Lucas  county.  This, 
it  will  be  borne  in  mind,  is  no  longer  to  be  referred  to  the  Oriskany  hori- 
zon,  but  it  is  buried  under  150  or  200  feet  of  the  Lower  Helderberg  lime- 
stone. If  this  Cleveland  sand  is  not  the  equivalent  of  the  Sylvania 
sand,  it  is  obviously  a  similar  deposit.    It  agrees  in  crystalline  charac* 
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ter  with  the  other ''  limestone  sands  "  of  the  Ohio  scale.  Bitter  water  rose 
in  the  well  from  this  level  to  within  150  feet  of  the  top.  The  next  sheet 
of  limestone,  reported  290  feet  thick,  is  undoubtedly  a  continuation  of '^ 
the  Lower  Helderberg  series.  The  first  of  four  beds  of  rock-salt  inter- 
bedded  with  shale  and  gypsum  comes  next  in  order.  The  presence 
of  rock-salt  in  our  Ohio  series  had  not  been  predicted  as  geologically 
probable,  but  it  really  ought  to  occasion  no  surprise.  Rock-salt  and 
gypsum,  or  anhydrite,  are  very  clpsely  associated  in  origin  and  occur- 
rence, both  being  due  to  seas  reduced  by  evaporation  when  shut  off  from 
the  main  ocean.  Extensive  deposits  of  gypsum  are  already  known  in 
the  Lower  Helderberg  limestone  of  Erie  and  Ottawa  counties.  Numer- 
ous beds  of  it  were  found  in  drilling  the  deep  well  at  Sandusky  in  18S6, 
and  at  Gypsum  it  has  been  quarried  on  a  considerable  scale  for  many 
rears.  It  appears  that  when  this  great  limestone  series  was  forming  the 
condensation  of  the  sea-water  was  carried  further  in  the  vicinity  of 
Cleveland  than  to  the  westward,  where  only  the  gypsum  beds  were  laid 
down.  The  rock-salt,  164  feet  in  thickness,  extending  from  1,990  to 
2,154,  is  not  a  clear  and  uninterrupted  deposit,  but  it  is  broken  by  both 
shales  and  limestone.  An  analysis  of  this  seam  gives  the  following 
result:     (Lord.) 

Salt 71.24 

Sulphuric  acid 1.80 

Lime 2.75 

Magnesia 0.12 

Insolable  residue .17.92 

The  bed  of  •*  shale, "  fifteen  feet,  reported  by  the  driller,  im- 
mediately below  the  rock-salt,  proves,  on  exa,tnination,  td  be  anhydrite 
or  sulphate  of  lime.  The  forty  feet  of  blueish  *' shale, "  reported  from 
2,300  to  2,340  feet  is  also  anhydrite.  The  fifty  fee'*  of  rock-salt  directly 
overlying  it  has  the  following  constitution:    {Lord,) 

Salt ;........ 83.00 

Sulphuric  acid ', 10 

Lime 1.68 

Magupsia .15 

Insoluble  residue 18.06 

The  limestone,  1G7  feet  thick,  that  extends  from  2,4S3  to  2,GoO  feet, 
is  a  nearly  pure  dolomite.  Two  analyses  of  the  drillings  are  given, 
taken  respectively  from  2,5C0  and  2,G00  feet  below  the  surface.  They 
are  as  follows  :    (Lord.) 

23  G, 
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2 


Carbonate  of  lime. 

Carbonate  of  magnesia. 
Insoluble  matter 


49^1 
89^ 


64.93 

43.80 

.71 


The  six  feet  of  limestone  next  below  this  bed  was  found  to  contain 
oil  in  small  amount,  and  is,  accordingly,  reported  as  an  oil-sand  by  the 
driller.    The  analysis  of  this  '^  oil-sand  ''  is  alsa  appended  : 

Carbonate  of  lime 66.45 

Carbonate  of  magnesia.. «.... * .48.84 

Insoluble  matter.. 70 

So  far  as  chemical  composition  is  concerned  these  last  two  lime- 
stones agree  with  the  Waterlime  and  the  Niagara  limestone  in  itsGuelph 
division.  There  are  no  other  limestones  in  the  scale  of  the  state  that 
have  such  a  constitution.  For  comparison,  analyses  of  the  Niagara  and 
the  Lower  Helderberg  limestones  at  Genoa,  Ottawa  county,  are  ap- 
pended.   They  are  as  follows  :    {L)rd.) 


Carbonate  of  lime 

Carbonate  of  magnesia 
Insoluble  matter 


1 

8 

6464 

6697 

46.06 

4427 

..76 

St7 

The  results  are  seen  to  be  almost  identical  with  those  above 
reported. 

The  second  oil-sand,  2,678  to  2,686  feet,  is  also  a  limestone.  The 
first  oil  found  was  jank  with  sulphur,  and  wm  christened  by  the  driller 
^'  Tennessee  oil  "  on  this  account.  The  second  was  free  from  sulphurous 
products,  and  was  therefore  called  **  Pennsylvania  oil." 

Such  an  identification  as  that  suggested  on  the  basis  of  chemical 
oomposition  would  show  the  series  of  the  Cleveland  well  to  be  expanded 
above  any  measure  found  elsewhere.  But  the  amount  is,  perhaps,  not 
excessive.  At  Sandusky  the  entire  limestone  series  was  found  to  be 
1,170  feet  in  thickness,  and  a  series  of  deposits  like  that  here  described 
would  be  likely  to  acquire  larger  volume.  It  would  seem  to  mark  a 
subsiding  area. 
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Since  the  above  statements  were  made,  much  additional  work  has 
been  done  upon  this  well,  and  some  of  the  later  facts  have  thrown  more 
light  upon  the  interpretation  of  the  record* 

The  drilling  was  continued  through  limestones  of  the  same  general 
character  as  those  last  reported,  to  a  little  more  than  3,000  feet.  At 
this  point  a  small  vein  of  gas  was  discovered.  In  undertaking  to  de- 
velop it  further,  the  tools  became  fast  at  the  bottom  of  the  well.  All  the 
resources  of  the  driller^s  art  have  been  exhausted  in  trying  to  release 
them^  but  without  success.  To  the  fiftj-five  feet  of  drilling  tools,  a 
*^  whip-stock,*'  employed  in  the  effort  to  regain  the  tools,  has  been 
added,  and  there  are  now  sixty-five  feet  of  iron  below  the  depth  of  2,985 
feet,  to  which  point  the  well  is  clear.  Salt-water  has  entered  the.  well 
at  more  than  a  score  of  horizons.  The  main  casing,  of  five  and  five- 
eighths  inches  in  diameter,  was  set  at  1,860  feet,  alter  repeated  efforts 
to  keep  the  well  dry  by  casing  at  higher  levels.  The  drilling  had  ad- 
vanced but  a  little  way  below  the  point  above-named,  when  a  new 
invasion  of  ealt-water  occurred.  Smaller  casing  was  then  introduced, 
and  this  again  has  been  supplemented  in  like  manner. 

The  gas-vein  that  comes  from  the  bottom  of  the  well  appears  to  be 
quite  small  in  volume,  but  high  in  pressure.  The  latter  is  reported 
by  Mr.  Charles  Latitner  as  at  present  from  400  to  500  pounds  per  square 
inch.  The  volume  is  also  reported  by  him,  as  the  result  of  direct  meas- 
urements, at  14,000  to  16,000  cubic  feet  per  day.  A  high-pressure  is  to 
be  expected  from  the  depth  at  which  the  gas  is  found.  Indeed,  a  much 
greater  pressure  would  be  entirely  consistient  with  even  a  smaller  flow 
of  gas. 

.  As  to  the  horizon  of  the  gas,  a  little  ligat  has  been  obtained. 
Among  the  last  drillings,  red  rock,  apparently  red  limestone,  was  found. 
The  later  description  applies  to  the  Clinton  limestone,  and  to  this  only, 
in  this  part  of  the  scale  so  far  as  known.  The  occurrence  of  gas  at  the 
horizon  of  the  Clinton  limestone  and  in  close  connection  with  its  red 
beds,  is  now  on  record  at  several  points  in  Ohio,  and  especially  at 
Newark  and  Lancaster. 

In  view  of  these  facts,  it  seems  reasonaUe  to  conclude  that  the  rock 
in  which  the  drill  now  rests  in  this  deep  well  is  the  Clinton  limestone. 
If  this  determination  is  correct,  the  series  of  limestones  from  the  Upper 
Helderbdrg  downwards  to  the  Medina  shale  must  exceed  1,700  feet  in 
thickness.  The  greatest  depth  before  found  for  the  same  series  is  in 
the  Sandusky  well,  where  a  measurement  of  1,150  feet  was  reported. 
It  would  require  an  addition  of  650  feet  to  bring  that  record  up  to  the 
one  now  under  consideration,  but  it  is  to  be  borne  in  mind  that  fully 
half  of  this  difference  is  covered  by  the  salt  and  anhydrite  »f  the  later 
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record.  There  is  no  great  difficulty,  therefore,  in  this  construction  of 
the  section,  and  in  view  of  all  the  facts  it  seems  probable  that  the  lime- 
stones, the  salt  beds  and  the  gypsiferous  beds,  1,700  feet  in  thickness  in 
the  Newburg  well,  belong  to  the  series  shown  below,  and  can  be  distrib- 
uted among  the  several  elements  somewhat  as  follows,  viz. : 

Upper  Helderberg  limestone 100  feet 

Lower  Helderberg  limestone 600    *' 

Salina  group «  800    " 

Niagara  limeatone,  \  o^wv    « 

Clinton  limestone,/  "  ^*^ 

The  Salina  group  in  central  New  York  is  counted  1,000  feet  thick. 

If  this  determination  is  Correct,  the  Trenton  limestone  lies  not  less 
than  1,000  feet  below  the  present  bottom  of  the  well. 

The  Newburg  well  has  necessarily  been  an  expensive  one.  It  is 
said  to  have  cost  the  company  over  919,000,  and  this  does  not  include  all 
of  the  outlay,  as  the  contractor  lost  a  great  deal  of  time  as  well  as  money 
in  getting  the  well  down  to  2.70J  ieet,  where  he  was  compelled  to  aban- 
don it.  The  progress  from  that  point  downwards  has  been  very  slow 
and  expensive. 

There  are  certain  valuable  results,  however,  to  be  derived  from  the 
well.  The  demonstration  of  the  fact  that  extensive  beds  of  rock-salt 
underlie  the  city  of  Cleveland  is  not  to  be  lightly  esteemed.  The  time 
may  come  when  use  will  be  made  of  this  fact. 

The  knowledge  of  the  geological  series  that  is  to  be  traversed  here 
by  the  drill  is  aUo  valuable,  and  can  bi  turned  to  practic&l  account  by 
this  entire  section  of  the  state.  This  costly  well  has  helped  to  empha- 
size a  demonstration  which  was,  however,  very  well  supported  without 
it,  that  there  is  no  available  stock  of  high-pressure  gas  for  the  north- 
eastern counties  of  Ohio. 

The  one  lesson  which  the  Rolling  Mill  well  would  seem  to  teaqh  is 
the  one  last  named.  That  it  has  not  been  learned  is  evident  from  the 
fact  that  a  second  deep  well  is  going  down  in  Newburgh.  The  Axe- 
worthy  well  was  begun  in  1887,  and  has  been  carried  already  to  a  depth 
of  over  1,500  feet.  It  is  duplioating  in  all  essential  particulars  the 
record  of  its  predecessor. 

B.    Deep  Wells  of  Summct,  SfAijK,  Medina  and  Wayne    Counties. 

Several  deep  wells  have  been  drilled  in  Summit  c  unty  within  the 
last  few  years.  The  valley  of  the  Cuyahoga  has  attracted  considerable 
notice  from  parties  prospecting  for  oil,  either  from  its  marked  topography 
which  suggests  to  the  untrained  obcerver  the  idea  of  uplifts  and  dis- 
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turbance  of  the  rock  series,  or  from  the  numerous  surface  indicationB  of 
gas  and  oil,  which  occur  along  the  outcrop  of  the  great  shale  series  of 
the  valley.  These  indications  are  nothing  but  the  usual  leakage  of  the 
bituminous  shales,  and  have  no  significance  whatever  with  reference  to 
deep  supplies.  ' 

Furthermore,  the  considerable  elevation  of  part  of  its  surface  ihay 
also  have  seemed  a  recommendation  to  the  driller.  Most  of  the  wells 
drill'ed  in  the  county  belong  in  the  shale  gas  series,  and  will  be  treated 
in  the  chapter  devoted  to  that  subject.  A  few  well  records  will  be  given 
in  this  connection. 

Coventry. 

In  1882  a  deep  well  was  drilled  in  Coventry  township  by  Brewster 
Bros.  An  entire  section  of  this  well  is  not  at  hand,  but  the  upper 
portion  of  it,  which  has  the  chief  interest  for  us,  is  as  follows : 

Drift 27  feet. 

Coal  (Akron  or  Sharon  seam) 4}  " 

'                        Fire-clay 4  " 

Conglomerate 178  ** 

Cnyahopashs^le....' '  170  " 

Berea  grit  (struck  at  383) ;. .; 48  " 

Bedford  and  Ohio  ehales SUSS  " 

it  Where  this  record  terminates. 

The  well  was  drilled  for  either  oil  or  gas,  but  it  yielded  nothing  of 
any  value.  No  mention  is  made  in  the  record  of  the  Berea  shale,  and 
it  is  probable  that  this  element  is  wanting  in  the  immediate  vicinity. 
The  Berea  grit  has  good  thickness  and  lies  unusually  high,  in  fact,  upon 
the  pronounced  roll  which  makes  the  watershed  of  northern  Ohio.  Its 
elevation  above  tide-water  is  nearly,  if  not  quite,  900  feet.  A  vigorous 
production  of  gas,  under  these  circumstances,  might  well  have  been 
expected. 

j"  Akron. 

The  record  of  the  deep  well  drilled  in  the  Sixth  Ward  of  Akron  by 
the  Akron  Sewer-Pipe  Works,  under  the  direction  of  Prank  Adams,  Esq., 
has  been  already  used  in  another  connection,  and  in  a  generalized  way.  It 
will  be  given  here  in  mure  detail.  The  elevation  of  the  well-head  above 
tide  is  about  1  200  feet. 

^  Drift 60  feet. 

i,t  Conglomerate  sandstone 40    *' 

j^  Bine  shale  (Cuyahoga) 170    " 

Berea  grit 8    " 


•> 
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Light  fl^aler  sticl:}^ ^ «««^«......« ^ ^..^^ 

Darker  ehale  with  a  little  gae ^ 

Blue  shale^ ^ « -...^ 

park  abale *.~..*« 

Dark-blue  ahale. - 180 

Black  §hale ..;....:...^^ : :...  <...;.... 

Brown  shale 

Dark  and  light  shale  alternating 

Light  shale..... 

Dark  shale 

Deep  black  shale 

Light  shale 
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10 

f< 
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Dark  shale < 

Limestone  carrying  flint..... ZSS    " 

An  appearance  of  sand  at  the  bottom  of  the  drillings. 

The  well  is  thus  seen  to  be  about  2,450  feet  deep.  From  the  Berea 
grit  to  the  limestone  the  interval  is  1,802  feet  against  800  feet  at  Elyria. 
Possibly  a  few  feet  of  shaly  limestone  are  found  before  the  limestone 
was  entered  in  the  record  of  the  dxilier.  The  surface  of  the  limestone 
is  seen  to  be  925  feet  below  tide.  The  limestone  has  dipped  700  feet  in 
coming  from  Elyria  to  this  .point.  Tiie  distance  is  a  little  more  than 
thirty-five  miles,  and  the  direction  southeast.  The  dip  is,  therefore, 
twenty  feet  to  the  mile  in  this  direction  for  the  limestone,  but  not  neces- 
sarily for  ether  elements  of  the  scale.  The  dip  of  the  Berea  grit  is, 
in  fact,  reversed,  its  rate  of  descent  being  about  six  feet  to  the  mile,  and 
the  direction  of  its  dip  being  opposite  to  that  in  which  the  limestone  is 
inclined.  It  is,  of  course,  the  thickening  of  shales  in  this  interval  that 
brings  about  these  results.  The  facts  are  illustrated  in  the  accompany- 
ing diagram.  There  has  been  much  more  warping  of  the  crust  of  the 
state  than  its  apparently  simple  stratification  and  topography  would 
lead  us  to  expect. 


,  Drift 

r    Svrttu  Grit 


OlfiA  Shaio 


SECTION  fROM   £LYRtA  ro  AKRON   ON  A  UNH 
BEARING  S  50X 
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' *  Clinton.    ' 

Several  wells  drilled  near  Clinton  in  the  southwestern  part  of  the 
county  in  1882,  in  search  of  an  imaginary  po^l  vein,  showed  the  same 
proportions  of  the  several  strata  that  have  been  reported  in  the  Akron 
wells.  The  Cuyahoga  shale,  the  Bere^  grit  and  the  Bedford  and  Ohio 
shales  were  all  found  in  normal  proportions. 

CanJUm. 

*  r  '  '    '■  .  ' 

A  well  was  drilled  in  Canton,  Stark  county,  by  the  Canton  Steel 
Company,  in  1886,  to  a  depJLh  of  2,220  feet.  The  record,  as  furnished  to 
the  company  by  the  contractor,  has  been  kindly  supplied  to  the  Survey 
by  R.  H.  BuUey,  Esq.,  Secretary  of  the  company.  It  is  given  in  sub- 
stance below.  Unfortunately,  the  record  does  not  give  as  fully  as  we 
could  wish  a  description  of  the  strata  penetrated,  but  contents  itself 
with  classification  instead  for  a  part  of  the  series.  As  no  samples  of  the 
drillings  are  available  in  the  study  of  the  record,  we  are  left  in  doubt  as 
to  the  character  of  several  of  the  strata  passed,  and  particularly  as  to  the 
divisions  of  the  great  shale  formation.    The  record  is  as  follows  : 

Drift 17  feet. 

Goal  ^ 1  " 

Slate  and  Bandatone ..< , 61  '* 

Coal,  fireclay,  slate  and  sandstone  in  thin  layers 99  " 

Sandstone 49  " 

SUte.. 14  « 

Coal,  a  few  inches. 

Fire-clay,  slate  and  thin  beds  of  sandstone. 112  " 

Conglomerate 140  " 

Blue  shale  (Cuyahoga).. , 260  ** 

Sandstone  (fall  of  aalt* water,  Berea  grit).. 80  " 

Shale,  dark-red  (Bedford).. 14  " 

"Cleveland  shale,"  light-colored- 232  " 

"  Erie  shale  " i ., :.....  700  •* 

Between  1,800  and  1,400  feet,  thin  strips  of  sandstone  occur.  At  1,700 
feet  the  shales  changed  rapidly  to  a  darker  color,  and  some  pieces  were 
black.  C' Huron  shale"  of  record.)  Thin  strips  of  sandstone,  very  fine, 
a  few  inches  in  thickness,  to  the  bottom  of  the  well  at  2,220  feet.  The 
Berea  grit  is  seen  to  be,  according  to  this  record,  eighty  feet  thick  and 
full  of  salt-water.  Its  upper  surface  is  approximately  1,015  feet  above 
tide.  The  Cuyahoga  shale  has  .nearly  recovered  its  normal  measure, 
increasing  from  170  feet  skt  Akron  to  2(>0  feet  here.  .  No  mention  is  made 
of  the  Berea  shale.  A  little  to  the  southward  this  element  is  found 
constant  and  regular,  but  it  may  be  wanting  here.  As  to  what  is  meant 
by  the  " Cleveland"  and  "  Brie"  shales  of  the  record,  we  have  no  informa- 
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tion,  except  that  the  •'Cleveland"  is  recorded  as  light-colored.  The 
color  of  the  ''Erie"  is  not  suggested  in  the  record,  but  from  the  fact  that 
the  division  below  is  described  as  dark  colored  shale,  we  may  infer  that 
this  also  is  liR;ht-colored  shale.  There  is  no  good  reason  to  doubt  that 
the  1,860  feet  of  interval,  according  to  the  record,  between  the  Berea 
grit  and  the  bottom  of  the  well,  consists  of  the  frequently  changing; 
series  that  is  shown  in  all  the  carefully  kept  records  of  the  district,  and 
instead  of  the  three  obsolete  divisions,  Cleveland,  Erie,  Huron,  we 
should  have  thirty  or  forty,  if  the  main  changes  were  all  recorded. 
Neither  gas  nor  oil  was  found  in  the  well. 

A  second  deep  well  has  been  drilled  during  the  present  year,  viz., 
1887,  at  Canton.  It  is  a  matter  of  regret  that  its  record  cannot  be  added 
to  that  already  given,  but  only  a  single  fact  is  at  hand.  Th^  upper 
sheet  of  limestones  appears  to  have  been  reached  at  3,135  feet.  If  this 
is  true,  a  very  great  thickness  of  the  shale  series  is  indicated. 

There  is  no  reason  to  expect  high-pressure  gas  from  the  deep  rocks 
underlying  this  part  of  the  state.  If  the  Berea  grit  fails,  there  is  nothing 
more  to  be  looked  for  so  far  as  can  be  judged  from  a  wide  and  varied 
experience. 

Medina, 

In  Medina  county  a  well  was  drilled  in  1885,  near  Medina,  to  the 
Berea  grit  and  beyond.  The  section  was  normal  ii^  all  respects,  and 
the  Berea  yielded  a  small  supply  of  gas  for  a  time. 

The  record  is  given  below.  It  was  kindly  furnished  by  D.  B.  Duft 
&  Bro.,  contractors : 

Drift.. 86  feet. 

Rftnd  rock 85   feet.  ] 

FirnV.!!!.^."!.'!.'    ^i    "     [  (ConKlomerate  series) 85    « 

Sand-rock!.'.'.*.'!    28*    "     J 

Blue  Bhale  (Cnyahoga  shale) 960    ** 

Black  shale  (Berea  shale) 65    " 

SandstOBe 6  feet.) 

Gray  shale «."     W Berea -grit) 64     *• 

Sandstone 88     "    J 

Red  shale  (Bedford  shale) 64    " 

Black  shale 80  feet  > 

Bine  shale 618     ••     KOhio  shale) 917    " 

Black  shale......  166    <<    J 

MassUlon. 

Two  wells  were  drilled  in  Massillon  in  1886  without  valuable  result, 
so  far  as  gas  and  oil  are  concerned.  The  first  was  a  test  well  put  down 
by  a  number  of  citizens  on  the  land  of  the  Russell  Manufacturing  Com- 
pany,   It  was  finished  early  in  the  year.    Its  record  is  as  follows : 


PETROLEUM   AND   NATURAL  GAS.  3G1 

Drift 145  feet 

Conglomerate  ro^k 40  " 

BhaJes,  blae  and  white  (Cnyshnga) 435  *' 

White  sand  with  gts  and  saltwater  (Berea) 45  " 

Blue  8h«le  (Bedford) 85  *' 

Shale  (Bedford)  6  " 

Bloeshale 1,030  " 

Dark  shale 790  " 

Limestone^ SA  ** 

The  Berea  grit,  as  will  be  observed,  was  etrack  at  610  fpet.  The 
well  was  cased  at  695  feet.  The  well  head  was  about  934  feet  above  tide. 
The  Berea  grit  was  struck  324  feet  ab<»ve  tide.  The  interval  between 
the  Berea  grit  and  the  limestone  was  found  to  be  L8t0  feet.  Deducting 
forty  feet  for  the  Bedford  shale,  we  find  the  Ohio  shale  to  be  at  this 
point  1,820  feet  thick.  A  large  volunae  of  gas  was  found  in  the  Berea,' 
but  it  had  no  staying  quality  and  in  a  few  hours  it  was  overrun  and 
overpowered  by  salt-water.  The  Berea  shale  is  not  reported  in  this 
well;  neither  is  the  Bedford  reported  as  a  red  shale. 

The  second  Massillon  well  was  drilled  by  Joseph  Corns  &  Co.,  at 
the  rolling  mill  in  the  northwest  quarter  of  the  town.  This  well  fouhd 
bedded  rock  at  38  feet,  but  aside  from  a  difference  in  this  respect  it 
repeated  in  general  terms  the  record  already  made  by  the  other  well, 
except  that  it  did  not  descend  below  the  Berea  grit.  When  this  stratum 
was  reached  a  great  volume  of  salt  water  rose  in  the  well  and  put  an 
end  to  all  possibility  of  service  in  the  way  of  gas-production.  The  well 
was  filled  and  the  casing  drawn. 

There  have  been  other  attempts  in  the  way  of  drilling  since  the 
records  above  given  were  made,  but  no  very  important  results  have 
been  obtained.  The  only  exception  to  be  made,  if  any,  to  this  state- 
ment, is  found  in  the  case  of  a  well  reported  in  July,  1887,  by  Mr.  Otto 
Uhlendorf.  Oil,  gas  and  salt  water  were  struck  at  671  feet,  in  the  Berea 
grit.  The  oil  showed  a  speoific  gravity  of  33^  B.,  at  a  temperature  of 
86^  F.  It  is  a  lubricatittg  oil  of  excellent  quality,  but  there  is  no  reason 
to  expect  a  paying  pi^oduction  from  this  well. 

Massillon  would  be  willing  to  pay  a  great  price  for  natural  gas,  but 
the  experience  above  recorded  does  not  encourage  the  belief  that  it  can 
be  found  in  large  enough  and  lasting  enough  supply  for  manufacturing 
purposes  in  the  strata  that  underlie  this  point, 

Wooster. 

In  Wooster,  Wayne  county,  also,  a  deep  well  was  drilled  two  or  three 
years  since,  the  record  of  which,  as  furnished  by  Prof.  O.  N.  Stoddard,  of 
Wooster  University,  is  given  below.    Prof.  Stoddard'fei  record  is  ac^om- 
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panied  by  samples  of  the  drillings,  which  make  the  determination  of 
the  succession  of  strata  easy  and  certain.  The  boundaries  of  the  forma- 
tions were  not,  however,  in  all  instances  made  definite  and  sharp,  and  a 
little  latitude  must  be  allowed  for  the  figures  on  this  account. 

Altitude  of  well-head,  1,008  feet  above  tide. 
Drift  and  Waverly  conglomerate  or  Logan  group,  approximate...      100  feet. 

Cuyahoga  and  Berea  shales,  approximate 490    *' 

Berea  grit,  sharp,  white  sand  (struck  at  590  feet) 65    " 

Bedford  shale,  red  (struck  at  655  feet)  about 145    " 

Ohio  shale,  blue,  gray  and  black.. * 1,200    ** 

The  surface  of  the  Berea  grit  is  513  feet  above  tide.  The  well  was 
finished  at  2,000  feet  and  was  unproductive.  The  Ohio  shale  consisted 
of  the  usual  alternating  bands  of  blue  and  black  beds.  Wooster  appears 
to  be  upon  the  watershed  axis,  but  too  low  down  to  borrow  any  advan- 
tage from  it, 

Wooster  was  unwilling  to  consider  the  question  of  natural  gas 
supply  settled  by  the  negative  results  of  the  experiment  already  de- 
scribed, and  accordingly  a  company  known  as  the  Wooster  City  Mining 
Association,  which  had  been  formed  fifteen  years  before  to  drill  for  oil 
in  this  vicinity,  was  revived,  and  several  wells  have  been  drilled  by  it 
during  1887.  Two  of  the  wells  were  located  at  the  west  of  the  town 
and  upon  territory  that  was  tested  in  the  oil  explorations  before  named. 
The  report  of  one  is  given  below.  The  measurements  are  in  excess, 
but  the  true  order  and  general  proportions  of  the  series  are  believed 
to  be  represented  in  it : 

Drift ,  28  feet 

Sandstone,  with  shales  (Logan  group) 207  '* 

Shales,  with  thin  beds  of  sand 215  ** 

Berea  grit 15  " 

Bedford  shales,  red 108  " 

Ohio  shale,  dark-blue 52  '* 

"         «      lighter^lue 40  " 

«      light-blue 60  " 

*         "      darker ^ 15  « 

*'         "      alternating,  light  and  dark 165  " 

"         «      darker  shale 25  " 

"      blue  shale 105  " 

**         "      light  shale 25  " 

"         "      dark  shale 65  " 

"      black  shale 65  " 

«*         «      dark  shale 110  " 

*      black  shale 10  " 

«         "      blue  shale 145  « 

"         "      black  shale 80  " 

"         «      light-blue  shale 90  " 

"      gray  shale 10  " 

"         "      black  shale 5  « 
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Ohio  Bhale  darkehale 100  feet. 

"      black  shale ~      70    " 

"         "      light  ehale 46    " 

«      blue  Bhale 99    « 

"      black  shale. «      15    « 

Devonian  linieBtone  struck  at 1,805    *' 

The  interval  from  the  Berea  grit  to  the  limestone  is  1,237  feet. 

A  small  volume  of  gas  wits  obtained  in  one  of  these  wells,  but  the 
quantity  was  inadequate  for  transportation  to  any  considerable  distance. 
The  gas  supply  of  this  region  is  mainly  dependent  upon  the  Berea 
grit,  which  lies  too  shallow  here  to  afford  very  large  or  lasting  wells, 
but  the  shales  below  for  a  few  hundred  feet  can  also  be  counted  a  pos- 
sible source.  The  town  must  apparently  satisfy  itself  with  supplies 
of  the  character  here  indicated,  i.  e.,  with  gas  of  low-pressure  and  small 
volume  and  adapted  to  household  rather  than  to  manufacturing  uses. 
There  is  nothing  to  support  the  belief  that  high-pressure  gas  in  large 
and  persifitent  supply  is  within  reach  in  any  of  the  strata  that  underlie 
the  town. 


C.    i)£8P  Wells  of  Cjrawford  akd  Richland  Counties. 

Bucyrvs. 

The  account  that  follows  probably  belongs  in  the  preceding  chapter, 
but  it  was  omitted  by  oversight  from  its  appropriate  place. 

After  an  ineffectual  effort  to  reach  the  Trenton  limestone  in  a  well 
begun  in  Bucyrus  in  1885-6,  a  considerable  amount  of  money  being 
sunk  in  the  enterprise,  a  second  well  was  begun  in  the  summer  of  1886, 
and  was  finished  in  November  of  that  year,  at  a  depth  of  2,264  feet. 
The  well-head  is  about  910  feet  above  tide.  The  record  of  the  first  well 
to  as  follows  : 

Drift 20  feet 

.  Bhale,  mainly  b.lack  Ohio  shale 140    " 

Blue  and  calcareous  shale  at 160    " 

Limestone  from.. ; 680  to  840    '' 

Here  the  tools  became  fast,  leading  to  the  abandonment  of  the  well 
after  several  months  had  been  spent  in  ineffectual  efforts-  to  recover 
them.  A  strong  vein  of  salt-water  was  struck  at  780  feet.  The  secopd 
well  reports: 

Drift.. 80  feet 

Shale 130    " 

Limestone,  Devonian  and  Upper  Silurian 816    " 

Shales,  Medina,  Hudson  River  and  Utica.. 1,170    '* 
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The  Trenton  was  struck  at  2,145  feet,  and  the  well  w-s  drilled  119 
feet  into  it  without  any  valuable  results  whatever.  The  surface  of  the 
Trenton  was,  at  this  point,  1.235  feet  below  tide.  It  ap;rees  almost 
exactly  with  the  level  of  the  same  limestone  at  Bryan,  William**  county. 
The  Trenton  limestone  was  there  found  1,240  feet  below  tide.  The 
limestone  series  was,  however,  much  thicker  at  Bryan,  and  the  shales 
correspondingly  thinner.  The  surface  of  the  Devonian  limestone  is  750 
feet  above  tide. 

In  a  third  well  which  is  being  drilled  at  the  present  time,  more 
than  200  feet  of  drift  deposits  have  been  encountered. 

Crestline, 

At  Crestline,  several  attempts  have  been  made  during  the  last  three 
years  to  reach  a  source  of  gas  for  the  needs  of  the  town.  The  geological 
horizon  of  Crestline  is  at  the  bottom  of  the  Cuyahoga  shale.  The  black 
Berea  shale  is  found  thirty  feet  thick  at  a  small  distance  beneath  the 
surface,  being  sometimes  reached  in  wells.  The  Berea  grit,  in  normal 
thickness  and  in  excellent  quality,  comes  to  the  surface  at  Leesville, 
three  miles  to  the  westward,  and  here  alpo  the  red  Bedford  shale  is  con- 
spicuously shown.  The  burface  of  the  Berea  grit  at  Leesville  is  about 
IKSfeet  above  tide.  A  well,  drilled  three  years  since  in  Crestline, 
reached  a  small  supply  of  low-pressure  gas  at  a  depth  of  a  few  hundred 
feet  in  the  great  shale  series,  but  there  was  not  enough  of  it  for  any- 
thing more  than  the  feeblest  dome^^tic  supply.  A  more  ambitious  etiort 
in  the  way  of  drilling  has  recently  been  made  during  the  summer  and 
fall  of  1886.  A  deep  well  was  sunk  in  this  town,  which  reached  the 
Trenton  limestone  at  a  depth  of  2,832  feet.  It  was  carried  down  to  a 
depth  of  2,861  feet,  where  the  tools  became  fast,  and  all  attempts  to 
get  them  free  proved  unsuccessful.  There  is  nothing  in  the  experience 
of  northwestern  Ohio  thus  far  to  give  any  encouragement  to  seek  the 
Trenton  limestone  at  these  great  depths.  Published  statements  assert 
that  $8,000  was  spent  on  this  well.  The  same  amount  expended  on 
shallow  shale-gas  wells  would  certainly  supply  a  great  many  thousand 
cubic  feet  of  gas  in  a  day. 

The  full  record  of  the  deep  well  above  referred  to,  is  found  on 
page  303. 

Shelby. 

In  Richland  county,  deep  wells  have  been  drilled  at  Shelby  and 
Mansfield.  The  Shelby  well  was  begun  in  March,  1885.  The  elevation 
of  the  well-head  is  about  1,076  feet  above  tide.    Its  record  is  as  follows : 


Ohio  shale 667 
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Drift- 68  feet. 

Cayahoga  shale,  gray,  succeeded  by  Berea  shale,  black 83    *' 

Berea  grir 66 

Lfrif:'!:::::::: :::::•  S'*^>  } Bedford ^..le _ »8 

White  shale 95      « 

Bhck  shale 60      " 

White  shale 70     " 

Black  shale 280      " 

White  Hhale 64      " 

Upper  llelderberg  limestone  at ^  854    ** 

The  Ohio  shale  is  seen  to  be  657  feet  in  thickness.  The  driller's 
division  of  its  elements  into  white  and  black  shales  implies  nothing 
unusual  in  the  character  of  the  formation.  The  upper  surface  of  the 
Berea  grit  is  935  feet  above  tide.  The  upper  surface  of  the  limestone  is 
222  feet  above  tide.  From  Bucyrus  to  Shelby  the  limestone  has  de- 
scended 528  feet,  which  shows  a  rate  of  about  twenty-six  feet  fall  to  the 
mile  in  a  northeasterly  direction.  From  Chicago  Junction  to  Shelby, 
the  limestone  has  descended  about  275  feet.  Gas  was  found  in  the 
Shelby  well  in  the  Berea  grit  and  all  through  the  Ohio  shale.  At  4(X)  ft  et^ 
a  "blower"  of  great  energy  was  opened,  which  blazed  and  roared  with 
much  violence  for  twenty-four  hours,  when  it  exhausted  itself.  The  pas 
of  the  well  continued  to  be  suflicient  for  the  boiler  of  the  drilling  engine 
for  much  of  the  tince  in  which  the  work  was  going  on.  At  1,000  feet,  a 
small  vein  of  gas,  r^nk  with  sulphuretted  hydrogen,  was  found. 

Mansfidd. 

At  Mansfield,  a  deep  well  wap  drilled  in  the  suoamer  of  18S6  The 
well-head  is  about  1,170  feet  above  tide.  The  well  was  begun  in  the 
Logan  group,  or  Waverly  conglomerate,  and  was  carried  down  to  the 
bottom  or  near  the  bottom  of  the  Devonian  and  Upper  Silurian  lime- 
stone series.  The  well  was  drilled  to  2,005  feet.  The  record,  as  kept  by 
the  company,  and  kindly  furnished  by  the  officers  for  the  use  of  the 
Survey,  shows  the  following  interesting  series  of  facts.  The  record  is 
supplemented  by  samples  of  drillings  that  confirm  and  establish  the 
interpretations  given  below : 

Sandstone,  Lcgan  group 140  feet. 

Coarse  blue  bhale 260  feet.  )  p„^.K^a  .k«i^  aiu\    u 

Fineblueshale 800    ••     J  Cuyahoga  shale 460 

Black  shale,  Berea  shale ^  40    " 

Berea  grit 16    ", 

BIneshale -..  16  feet.)  d^j«,,i  .u.i^  mr,    .« 

I  hocolate-colored  shale 36    "     ^  Bedford  shale 60 

Black  shale 6    "     ] 


Gmy  shale 20 

Black  phale bO 

Vt^ry  black  shale... 16 

Blue  Hhale,  with  several  changes.  70 
Dark-blue  shale 35 


Ohio  shale  590 
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Dark  shale,  freqaently  interrupted  by  lighter  bands 805  feet 

GalcareoQS  shale,  bine  and  gray 60    *' 

limeetone  strack  at 1,200    " 

The  limestone  was  drilled  into  for  800  feet  without  exhausting  the 
measures.  The  last  element  in  the  shale  column  could,  perhaps,  be 
referred  to  the  limestone  series  with  equal,  or  with  greater  propriety. 
The  surface  of  the  B<>rea  grit  has  an  elevation  of  530  feet  above  tide. 

The  rich  and  prosperous  towns  of  this  portion  of  the  state  have 
been  so  anxious  and  earnest  in  their  search  for  natural  gas^  that  they 
have  refused  to  abide  either  by  the  judgment  of  geology  or  the  verdict 
of  the  drill,  but  when  a  deep  well  has  proved  a  failure,  they  have 
moved  at  once  for  a  new  trial.  As  so  often  explained  on  preceding 
pages  of  the  present  chapter,  there  is  no  geological  probability  of  high- 
pressure  gas  being  found  under  territory  occupied  by  the  Berea  grit, 
exoept  in  this  formation  itself.  The  search  for  oil  or  gas  in  the  Trenton 
limestone  underlying  these  districts  is  a  delusion  and  a  snare. 

D.    Deep  Wells  of  Knox,  Holmes,  Coshocton  and  Thscabawas 

CoUNlIisS. 


Ml  Vernon. 

A  well  was  drilled  three  years  since  at  Mt.  Vernon  to  1,707  feet. 
The  drillers'  log,  as  furnished  to  the  company,  has  been  in  turn  kindly 
given  to  the  Survey  by  General  G.  H.  Jones.  The  well-head  is  about 
881  feet  above  tide.  The  reliability  of  the  record,  as  to  its  divisions,  19 
questioned  by  some  who  were  conversant  with  the  drilling,  but  its  sub- 
stantial accuracy  is  attested  by  its  accord  with  .the  records  of  other  wells 
in  the  region.    The  lowermost  part  of  the  section  is  most  in  question. 


Gravel 87  feet  1 

Blue  mud 7    "      \  Total 

irravel B3    «     j 

Bed-rock,  Logan  groap 

DiMi!;;;;.:;:.::::::::  m'^"-  icny.h<,g.andBere.«h.ie.. 

Mountain  sand,  Berea  grit 

Carrying  soft  water. 

Bedrock,  Bedford  shale ^ 120 

Black  slate • 97  feet.1 

White  slate «  WO 

Blaik  slate  with  pyrite ;    S8 

White  slate .•    97 

...    80 


97  feet 

46    - 

828  feet 

80    " 


Slate  and  pyrite 180 

Darker  shale  and  pyrite 80 

Whiteslate .•    70 

Dark  ahale 18 

"Sand" 80 

Shale 995 


Ohio  shale  reported..  1,174  feet 
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The  limestone  was  struck  at  1.629  feet,  and  was  drilled  into  for 
seyenty-eight  feet,  when  the  rope  broke  and  the  well  was  abandoned. 
Salt-water  was  struck  at  500  feet,  and  the  cas  ng  was  set  below  it.  As 
usual,  n  little  gas  was  found  escaping  from  the  well,  but  the  supply 
was  of  no  value. 

Mt.  Vernon  is  just  about  embarking  on  a  more  expensive  and  con- 
tinuous search  for  gas  than  has  heretofore  been  undertaken.  The  first 
of  three  wells  to  be  drilled  has  Already  been  contracted  for.  In  case  of 
failure  in  the  first,  the  line  is  to  be  extended  to  the  eastward,  the  hojpe 
being  that  a  supply  siirilar  to  that  of  the  Nefi  wells  on  the  eastern  side 
of  the  county  can  be  found  in  this  direction.  It  is  also  in  contemplation 
to  attempt  to  reach  the  Trenton  limestone.  The  Nefif  Wells  that  are 
located  in  this  county  have  been  already  treated  in  a  separate  section, 
page  o39.    (December,  1886  ) 

The  results  of  the  search  referred  to  in  the  preceding  paragraph 
can  be  given  in  part,  The  first  of  these  wells  was  drilled  in  the  spring 
and  summer  of  1887  to  a  depth  of  2,C00  feet  or  more.  The  Berea  grit 
was  found  twenty  feet  thick  at  a  depth  of  453  feet.  The  interval  from 
the  Berea  grit  to  the  Devonian  limestone  is  887  feet,  the  latter  stratum* 
being  reached  at  1,840  feet.  At  1,960  feet,  a  strong  flow  of  salt-water 
was  struck,  a  weaker  vein  having  been  passed  at  1,518  feet.  The  main 
vein,  which  nearly  fills  the  well  from  bottom  to  top,  seems  likely  to 
have  come  from  the  Niagara  limestone.  The  Niagara  shale  appears  to 
have  been  reached  at  2,125  feet. 

A  considerable  proportion  of  the  well  was  drilled  wet,  the  tools 
descending  but  eight  or  nine  feet  a  day  into  the  rock  through  nearly 
2,000  feet  of  salt-water.  So  far  as  learned,  no  production  worthy  of  note 
has  been  secured  from  this  well.  The  Trenton  limestone  must  be  at 
least  3,250  feet  below  the  surface  at  Mt.  Vernon,  and  is  not  any  more 
likely  to  be  found  an  oilrock  here  than  any  other  stratum  of  the  scale. 
It  has  been  found  utterly  devoid,  not  only  of  all  production,  but  of  all 
capability  of  production  for  at  least  100  miles  west  of  Knox  county. 

Millersburg. 

A  tes^well  was  drilled  in  Millersburg,  Holmes  county,  in  1886, 
by  a  local  company.  The  elevation  of  the  well-head  is  about  892  feet 
above  tide.  Soil  and  surface  waste  held  for  thirty-five  feet.  The  rock, 
where  first  struck,  was  found  broken  and  disturbed  to  some  extent. 
The  Cuyahoga  shale,  when  reached,  was  found  normal  in  all  respects. 
The  Berea  grit  is  reported  to  have  been  struck  at  725  feet,  or  167  feet 
above  tide.    This  is  deeper  than  was  expected  from  comparison  of  the 
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records  of  wells  nearest  to  Millersburg.  Drilling  was  continued  through 
the  Ohio  shale  to  a  depth  of  2,100  feet.  The  last  drillings  were  black 
sliale.  These  facts  indicate  that  the  s^hale  series  her^  has  a  thickness 
exceeding  1,3(0  feet.  It  is  probable  that  1,600  or  IJOO  feet  would  be 
found  if  the  work  were  pushed  on  until  the  limestone  is  reached.  The 
record,  as  furnished  by  the  company,  is  as  follows,  but  parts  of  two  rec- 
ords seem  to  appear  here.  The  Drift  had  no  such  thickness  In  the  well 
described  above : 

Drift.., ,.-  200  feet- 

^  SHndHtone 25  " 

Logan  group  <  Shale 15  " 

(Sandstone 40  " 

8bale,  light  and  dark  (Cuyahoga  and  Berea  shales) 445  *' 

Sandrock  (Berea  gm)- 20  " 

f  Slate,  dark 140  " 

Sandstone 10  *' 

Slat**,  light 470  " 

Slatevtry  d^rk 40  " 

Slate  alternatively  li»!ht  and  dark 290  *' 

Har<l  rock,  sard  or  lime 5  ** 

SUte.  lifEht  hnd  dark 175  " 

Blaekalaie 25  " 

Slate,  light  and  dark 200  " 


Bedford  and  Ohio  shales  - 


A  well  producing  gas  and  oil  from  a  depth  of  9(X)  tq  1,(XX)  feet  was 
recently  reported  on  the  Netherow  farm,  four  miles  from  Millersburg. 
It  is  probable  that  the  source  of  production  is  the  Berea  grit.  If  the 
well  were  begun  on  the.  highlands,  the  greater  depth  of  the  oil  rock 
could  be  easily  explained. 

Cobhoclon. 

At  Coshocton,  Co^hocton  count}',  a  deep  well  was  drilled  in  1S86. 
The  elevation  of  the  well-head  is  about  771  feet.  The  record,  as  kindly 
furnished  by  W.  H.  Parrish,  Secretary  of  the  Natural  Gas  Company,  is 
as  follows : 

Drift  containing  much  qaloksand 171  feet 

r  Gray  shale 29    " 

Conglomerate  Coal  Measnres  -{  siate  '"."."!!*.."!".*!!.'."*.!!"..'.' ."..!!"      30  " 

I  Sandstone !...!,.!!.!!!. 10  " 

Gray  shale  (Logan  and  Cayahoga  shale) 579  " 

Black  shale  (Berea  shale) 40  " 

Sandstone  (Berea  grit).. 20  " 

Shales,  black,  blue  and  gray,  in  frequent  alternation  (Ohio  shale)..  1,220  *' 

The  well  was  finished  at 1,280  " 

A  &mall  amount  of  oil  was  found  in  the  Berea  grit,  associated  with 
salt  water.  The  well  had  no  economic  value.  It  was  sunk  by  veteran 
drillers  from  the  Macksburg  field,  who  did  not  fail  to  recognize  the 
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identity  of  the  section  with  the  lower  part  of  the  section  in  their  own 
wells.  The  surface  of  the  Berea  grit  was  foand  ninety  feet  below  sea- 
level.  Between  the  record  of  the  company  and  the  samples  of  drillings 
saved,  there  is,  however,  a  discrepancy  as  to  the  place  of  the  Berea  grit 
to  the  extent  of  twenty  feet. 

Canal  Dover. 

At  Canal  Dover,  Tuscarawas  county,  a  very  deep  and  thorough  test 
of  the  underlying  rocks  as  to  their  petroliferous  character  was  made  in 
1884.  The  well,  which  was  drilled  by  Mr.  C.  W.  Bodey,  was  the  pioneer 
well,  so  far  as  great  depths  are  concerned,  of  this  portion  of  the  state, 
and  its  record  became,  on  this  account,  unusually  interesting  and 
instructive.  Too  much  credit  cannot  well  be  given  Mr.  Bodey  for  the 
care  with  which  he  followed  the  descent  of  the  drill  into  these  then  un- 
known depths.  Samples  saved  from  all  the  well-marked  changes  in  the 
drill-hole  were  turned  over  to  the  Survey,  and  there  is  thus  in  hand  a 
peifectly  authentia  account  of  the  successive  strata  in  central  Ohio,  to  a 
depth  o^  nearly  3,000  feet.  The  record  of  this  well  is  beyond  question 
the  best  yet  made  of  the  series  which  it  represents.  Drilling  was  begun 
at  the  level  of  the  Lower  Mercer  limestone,  and  at  an  altitude  of  about 
884  feet  above  tide.  The  record  can  be  generalized  in  the  following 
terms : 

Lower  Coal  Measares.. 886  feet. 

Logan  group  or  Waverly  confflomerate 195    " 

Cuyahoga  shale 419    " 

Berea  shale,  black 11    " 

Bereagrit 26    " 

Bedford  and  Ohio  shales 1,874    " 

The  drill  rested  in  black  shale  at  a  depth  of  2,760  feet,  where  the 
well  was  finished.  It  is  not  likely  that  the  shale  series  extends  very 
much  further  at  this  point.  At  Massillon,  a  few  miles  to  the  northward, 
it  was  1,860  feet  thick;  The  Berea  grit  was  reached  at  a  depth  of  860 
feet,  or  twenty-four  feet  above  tide.  It  yielded  a  little  gas  and  some 
salt-water.  A 'more  detailed  account  of  the  shale  series  is  appended,  the 
record  being  deduced  from  the  samples  of  drillings  already  referred  to. 

The  impossibility  of  dividing  a  column  like  this  into  the  three  divi- 
sions formerly  laid  down,  viz.,  Cleveland,  Erie,  Huron,  based  chiefly  on 
the  color  of  the  shales,  is  obvious. 

24        Q. 
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At  888  to  898  feet,  yellowish-blae  shale,  part  of  Bedford. 

A.t  1,200  feet,  brown,  light-brown,  or  drab  shales. 

At  1,240  fdet,  gray  shale. 

At  1,660  feety  blaeish-brown  shale. 

At  1,600  feet,  light-bine  shale. 

At  1,632  feet,  dark-blae  shale. 

At  1,666  feet,  gray  shale. 

At  1,666  feet,  black  slate,  thirty  feet  thick. 

At  1,710  feet,  light-blae  shale. 

At  1,900  feet,  dark-bine  shale. 

At  1,920  feet,  black  shale,  thirty-five  feet  thick. 

At  1,920  feet,  brownish-black  shale»  thirty-flfve  Wt  thick. 

At  1,966  feet,  gray  shale. 

At  1,976  feet,  light-bine  shale. 

At  2,000  feet,  dark-bine  shale. 

At  2,076  feet,  black  shale,  twenty  feet  thick. 

At  2,106  feet,  gray  shale,  fifteen  feet  thick. 

At  2,120  feet,  black  shale,  ten  feet  thick. 

At  2,200  feet,  dark-bine  shale,  fifteen  feet  thick. 

At  2,800  feet,  gray  shale. 

At  2,366  feet,  dark-bine  shale. 

At  2,431  feet,  dark-bine  shale. 

At  2,476  feet,  light-gray  shale. 

At  2,608  feet,  dArk-gray  shale. 

At  2,630  feet,  dark-gray  shale. 

At  2,631  feet,  black  shale. 

At  2,682  feet,  dark  shale. 

At  2,720  feet,  banded  shale,  drab  and  bine. 

At  2,730  feet,  black  shale. 

At  2,760  feet,  gray  shale,  banded  with  chocolate. 

A  part  of  these  determinations  are  based  upon  large  fragments  of 
the  shale  which  are  credited  to  particular  depths  as  above  reported.  It 
is  possible  that  some  of  these  pieces  may  have  fallen  from  upper  por- 
tions of  the  well  to  the  bottom,  and  that  the  order  may  thus,  to  a  certain 
extent,  be  erroneouslj  given,  but  no  large  amount  of  uncertainty  can 
happen  from  this  source. 

E.    Dbep  Wells  of  Licking,  Muskingum  and  Guernsey  Counties. 

Neufark. 

Two  attempts  to  reach  a  supply  of  natural  gas  for  Newark,  Licking 
county,  have  been  made  by  the  citizens  of  the  town  within  the  last 
year,  or  rather  are  now  being  made,  as  neither  of  the  wells  is  counted 
finished,  though  operations  are  temporarily  suspended  on  both.  The 
first  well  was  begun  by  an  informal  organization  of  citizens,  who  started 
the  drill  on  the  banks  of  the  Licking  in  the  western  part  of  the  town. 
The  location  proved  unfortunate,  as  the  drift  was  found  very  thick  and 


PBTBOLEUM  AND  NATUBAL  GAB.  371 

hard  to  penetrate  at  this  point.  The  elevation  of  the  well-head  was 
about  830  feet  above  tide.  The  Berea  grit  was  reached  at  a  depth  of  646 
feet,  or  about  254  feet  above  tide.  It  proved  very  thin  at  this  point,  but 
true  to  its  character  it  yielded  a  little  gas,  and  with  the  gas  some  salt- 
water was  also  produced.  A  little  additional  gas  has  also  been  derived 
from  the  underlying  shales,  which  were  penetrated  to  a  depth  of  several 
hundred  feet,  but  there  is  nothing  thus  far  in  the  record  of  the  well  to 
indicate  that  fuel  of  any  great  value  is  buried  under  this  part  of  the 
tDwn.    The  record  of  the  well  is  given  below  : 

Drift 886  feet. 

Bine  shale  (Gayahoga,  lower  part) 270    '* 

Black  shale  (Berea  shale) 40    " 

Sandstone,  containing  gas  with  a  little  salt-water  (Berea  grit) 8    *' 

Bedford  and  Ohio  shales,  sacoeeding  for ■ 900    '* 

This  well  was  drilled  with  pole  tools,  and  its  progress  has  been  slow. 
It  was  filled  up  to  the  Berea  grit  recently  and  a  measure  of  the  pressure 
of  the  gas  yielded  by  the  rock  was  obtained.  The  gauge  showed  a  maxi* 
mum  closed  pressure  of  forty-nine  pounds,  several  hours  being  required 
to  reach  this  point.  The  volume  of  gas  was  too  weak  to  move  the 
anemometer. 

The  well  was  afterwards  shot  with  a  charge  of  rackrock,  but  no 
great  addition  to  its  flow  was  secured.  What  little  gas  there  is  shows 
great  persistency.  The  facts  pertaining  to  this  well  were  kindly  sup- 
plied by  J.  W.  Blair,  Esq. 

The  second  well  was  begun  in  October,  1886.  It  is  located  near  the 
Everett  Glass  Works,  the  fact  being  recognized  that  this  manufacture 
is  in  more  urgent  need  of  natural  gas  for  fuel  than  any  other  interest  of 
the  town.  The  record  of  the  well  is  as  follows,  all  of  the  elements  ap- 
pearing in  their  normal  conditions : 

Drift,  165,  Cuyahoga  shale,  Berea  shale  and  Berea  grit,  870  feet. 
The  well  is  cased  at  635  feet.  The  Bedford  and  Ohio  shales  are  about 
900  feet  thick,  the  limestone  series  being  struck  at  about  1,436  fe^t. 
The  upper  portions  of  the  limestone  were  dark  and  highly  bituminous. 
It  is  possible  that  these  beds  should  be  referred  to  the  shale  series.  The 
first  light-colored  limestone  reported  in  the  samples  occurs  between 
1,500  and  1,6CX)  feet.  A  blue  shale  appears  in  soft  drilling,  eighty  or 
more  feet  thick,  at  about  2,(X)0  feet.    (January,  1887.) 

The  later  facts  pertaining  to  this  well  deserve  a  place  in  the  record. 

Drilling  went  forward  slowly  until  the  last  of  February,  1887,  when 
at  a  depth  of  2,240  feet  quite  a  heavy  flow  of  bitter  and  salt-water, 
heavily  charged  with  min?ral  matter,  was  struck.  The  water  rose  fifty 
feet  an  hour,  filling  the  well  for  at  least  1,700  feet.    It  was  struck  in  a 
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hard,  light-colored  and  sparry  limestone  which  under  ies  the  softer 
rocks  already  named,  and  which  had  continued  from  about  2,000  feet  to 
the  point  now  reached. 

The  salt-water  was  an  unwelcome  surprise  to  the.  contractor.  He 
had  based  his  bid  for  drilling  upon  the  supposition  that  casing  would 
not  be  needed  for  more  than  1,200  or  1,500  feet.  The  contract  required 
a  dry  hole,  3,000  feet  deep,  if  the  company  saw  fit  to  ask  such  a  depth, 
Un\yilling  to  attempt  the  exclusion  of  salt-water  from  a  depth  of  2,240 
feet,  the  contractor  withdrew,  and  the  original  company  abandoned  the 
well.  But  a  few  of  the  more  sanguine  or  resolute  members,  encour- 
aged by  the  recent  experience  of  Lancaster  in  finding  quite  a  promis* 
ing  vein  of  gas  in  a  new  horizon,  determined  to  push  on  to  lower  levels. 
The  drill  was  again  set  to  work,  but  now  througji  nearly  2,000  feet  of 
salt-water.  The  progress  was  necessarily  slow,  but  in  May  the  new  ven- 
ture was  rewarded  to  some  extent  by  the  discovery  of  a  small  gas  vein 
at  a  depth  of  2,385  feet.  The  gas  was  found  between  two  beds  of  red 
rock,  as  in  the  Lancaster  well.  So  infrequent  is  red  rock  in  this  part 
of  the  scale,  that  its  occurrence  here  goes  far  towards  locating  the  source 
of  the  gas.  The  Lancaster  gas  is  certainly  derived  from  the  Clinton 
limestone.  The  Newark  gas  probably  comes  from  the  same  horizon. 
Such  a  determination  obliges  us  to  extend  the  limestone  column  to  950 
feet,  which  is  much  in  excess  of  the  sections  found  at  Columbus,  Dela- 
ware, and  other  points  along  the  line.  A  real  difficulty  is  involved  in 
this  construction,  but  still  the  section  cannot  be  pronounced  an  impos- 
sible one. 

The  gas  is  reported  as  small  in  volume,  but  of  high  pressure.  The 
latter  fact  is  a  natural  consequence  of  the  great  depth  from  which  it 
comes.  It  has  not  been  utilized  as  yet.  The  volume  is  too  small  to 
justify  any  considerable  outlay  in  tubing  and  packing  the  well  in  a 
thorough  way. 

This  well  has  been  quite  an  expensive  one,  and  it  is  obvious  that 
nothing  has  beea  found  in  it  which  would  warrant  such  an  outlay  on 
business  principles.  Much  more  gas  than  is  here  obtained  from  2,400 
feet  ought  to  be  found  within  400  to  800  feet  at  many  points  about 
Newark.  The  money  spent  on  this  one  deep  well,  if  used  in  drilling  to 
the  Berea  grit  or  200  to  300  feet  below,  would  have  sunk  a  half-dozen 
wells,  and  would  probably  have  developed  many  times  more  gas  than  is 
here  produced,  though  of  lower  pressure. 

Zane&ville. 

The  drilling  done  in  Muskingum  county  has  been  more  extensive 
than  in  any  of  the  counties  thus  far  passed  in  review.    An  orderly  and 
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determined  search  for  gas  and  oil  has  been  begun  here,  and  provision  is 
now  making  to  test  the  Berea  grit  within  the  county  limits  on  an  ample 
scale.  Drilling  privileges  have  been  secured  on  large  and  connected 
tracts  of  territory.  The  structure  of  some  of  the  districts  that  have 
been  already  tested  has  been  determined  by  careful  study,  and  to  some 
extent  by  instrumental  measurements. 

The  points  of  geological  interest  developed  in  the  exploitation  of 
other  Ohio  oil  fields,  and  in  particular  the  facts  of  the  Macksburg  oil 
field  have  been  carefully  noted,  and  the  attempt  has  been  made  to  obtain 
from  this  guidance  for  new  work  in  new  territory.  The  preliminary 
work  of  development  has  been  mainly  carried  forward  under  the  direc- 
tion of  W.  M.  Carr,  Esq.  But  the  first  drilling  was  done  by  the  Zahes- 
ville  Heating  Company,  an  organizition  of  a  number  of  business  men 
of  the  city  who  would  have  the  largest  personal  interest  in  the  dis- 
covery of  an  ample  supply  of  natural  gas.  This  company  has  drilled 
three  wells,  one  of  them  2,000  feet  deep,  and  a  second  one  about  1,700 
feet.  The  first  of  these  wells  was  drilled  in  1884.  It  was  located  in  the 
valley  of  the  Muskingum  on  the  west  side  of  the  river,  in  Putnam, 
which  Is  the  Ninth  Ward  of  Zanesville.  The  horizon  of  the  well-head 
is  a  very  little  above  the  Lower  Mercer  limestone.  The  record  of  the 
well  is  given  below: 

Bed  rock 14  feet. 

Limestone 8  <*  —  17  feet 

Slate  and  sand-rock I 85  "  —  62  " 

Goal  and  sand-rock 16  "  —  67  " 

Slate  and  sand-rock 21  "  —  88  " 

Coal  and  slate 6  •^  —  94  " 

Slate  and  shale 36  "  —  130  " 

White  srtnd-rock 5  "  —  185  " 

Slate  and  shale 15  «  —  150  *' 

Ught  slate 200  "  —  850  " 

Gray  sand-rock  (salt-water) » 70  "  —  420  " 

Slate  and  shale .- 80  **  —  450  " 

Light  slate .,  210  «  —  660  " 

White  sand-rock 6  "  —  665  " 

Dark  and  light  slate  with  hard  shale 175    '*  —  840  '' 

White  sand-rock  (oil  and  salt-water) 20  "  —  860  " 

Red  sand-rock 10  "  —  870  " 

Dark  «ind  light  slate 1,149  "  —2,019  " 

Reduced  to  simple  terms  the  record  reads  as  follows : 

Conglomerate  Coal  Measnrea 850  feet. 

LogAn  groap  or  Waverly  conglomerate,  containing  salt-water....       70    " 

Cnyahoga  shale 890    " 

Berea  shale 80    " 

Berea  grit 20    " 

Bedford  and  Ohio  shales 1,149    '* 
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Drilling  was  suspended  at  2,019  feet  in  the  Ohio  shale.  The  Berea 
grit,  as  appears  in  the  record,  was  found  at  840  feet,  or  about  115  feet 
below  tide.  It  was  of  good  thickness  and  was  saturated  with  oil.  In 
the  judgment  of  some  who  observed  it,  it  would  have  responded  to  a 
torpedo  with  a  small  but  paying  production.  The  shale  series  was 
normal  in  all  respects  so  far  as  it  was  penetrated.  At  Newark  this  series 
is  found  to  be  90O  feet  in  thickness,  but  here  it  measured  1,157  feet,  and 
the  series  was  not  exhausted. 

The  second  well  drilled  by  this  company  was  located  on  the  eastern 
side  of  the  city  in  Section  4,  Wayne  township,  on  the  land  of  Wm.  Bishop. 
It  was  drilled  dry  and  found  the  Berea  grit  at  847  feet. 

The  composition  of  the  sandstone  stratum  in  this  well  is  said  to 
have  been  as  follows,  viz. : 

Coffde-colored  saDdstone*... 2  feet 

Fine  light-gray  sand 5    '* 

Lighter-colored  sand 2}  *' 

Marly  white  sand  (38  feet) - 24    " 

The  well  was  unproductive  so  far  as  high-pressure  gas  is  concerned, 
but  it  yielded  a  little  oil.  It  was  plugged,  but  the  oil  still  oozes  out, 
and  is  collected  and  carried  away  on  a  small  scale. 

Two  other  wells  are  now  going  down  upon  the  west  side  of  the 
river,  which,  when  completed  to  the  Berea  grit,  will  fully  prove  its 
character.  They  are  drilled  for  oil,  and  will  be  treated  on  this  basis 
from  the  first. 

The  fact  that  the  Berea  grit,  in  the  Putnam  well,  was  found  satu- 
rated with  oil,  as  reported  in  the  record  above  given,  was  counted  of 
sufficient  importance  by  certain  practical  oil  men  of  the  neighborhood 
to  be  further  investigated,  and  tbe  leasing  of  territory,  which  had 
already  been  begun,  was  carried  forward  on  quite  a  large  scale  through 
the  townships  of  Washington,  Wayne,  Fall,  Springtield  and  Newton. 
No  further  drilling  has,  however,  yet  been. finished  within  these  limits, 
but  two  new  wells  are  located  and  will  be  put  down  very  soon. 

In  the  south  part  of  the  county  shallow  wells  were  drilled  in  large 
numbers  in  1866-7  to  the  Bufialo  or  Upper  Mahoning  sandstone.  The 
wells  range  from  40  to  100  feet  in  depth.  Some  of  them  haye  been  main- 
tained in  feeble  operation  ever  since  they  were  drilled,  the  yield  being 
confined  to  a  few  barrels  per  year.  They  produce  an  oil  of  26**  gravity, 
and  of  excellent  lubricating  character,  which  is  mainly  sold  at  the 
present  time  among  the  farmers  of  the  neighborhood.  This  field  is 
known  as  the  Blue  Rock  Oil  Field.  The  Macksburg  field  has  shown 
that  where  one  oil-rock  is  productive  another  is  also  likely  to  be,  if  its 
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texture  and  grain  are  satisfactory.  la  other  words,  the  peculiarities  of 
structure  favorable  to  oil  accumulation  affect  an  entire  series.  A  test  of 
this  point  was  recently  made  by  Carr  Brothers  and  Jewett,  who  sunk  a 
well  in  1886,  in  section  32,  in  Blue  Rock  township,  the  record  of  which 
is.  given  below.  The  well  was  begun  near  the  horizon  of  the  upper 
Freeport  coal : 

To  bed-rock 14  feet 

Sand-rock^ : 6  '* 

Slate  and  soapstone -  66  '* 

Sand-rock 14  " 

Soapstone  and  slate 109  '' 

Sand-rock 6  ** 

Soapstone  and  slate «  48  " 

White  sand-rock .,  8  " 

Gas  vein. 

Slate  and  soapstone.. 114  ** 

Red  clay -  16  " 

lime  rock 10  " 

Soapstone  and  slate 194  ** 

Waverly  conglomerate,  with  break  sixty  feet 160  ** 

Slate  and  shale  (Cnyahoga  shale) 255  " 

Sand-rock,  hard  (Bnena  Vistastone) 9  ^ 

Bituminous,  black  ahale  (Berea  shale) 41  *' 

Hard  sheU 1  « 

Berea  grit 14  " 

1 068    '' 
Red  shale '  10    " 

The  drill  was  stopped  in  the  red  shale.  The  well,  after  being  tor- 
pedoed with  eighty  quarts  of  nitro-glycerine,  yielded  a  stnall  amount  of 
light  oil  with  gas  enough  to  raise  it.  This  small  success  still  further  in- 
spired the  confidence  of  the  parties  that  are  carrying  forward  the  ex- 
plorations, and  other  wells  are  soon  to  be  sunk  to  this,  the  Macksburg 
sand.  The  region  is  being  carefully  studied  with  reference  to  ite  anti- 
clinals  and  terraces,  and  it  is  sought  to  put  the  work  that  is  going  on  in 
harmony  with  the  best  deductions  from  our  one  successful  oil-field, 
namely,  Macksburg.  Whatever  value  the  Berea  grit  may  hold  here 
will  soon  be  made  apparent.  The  shallow  wells  referred  to  in  the 
preceding  paragraph  will  be  briefly  treated  in  a  subsequent  chapter. 
(December,  1886.) 

The  explorations  above  referred  to,  and  many  more  beside,  have 
been  completed  in  and  around  Zanesville  since  the  preceding  state- 
ments were  made.  So  earnest  was  the  wish  to  se<mre  a  good  supply  of 
natural  gas  for  the  manufacturing  interests  of  the  city,  which  are  those 
that  are  especially  profited  by  the  new  fuel,  and  so  abundant  was  the 
testimony  as  to  the  presence  of  gas  in  large  and  troublesome  amount 
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in  the  Muskingum  Valley  in  the  early  days  of  salt  manufacture  here, 
that  it  was  very  hard  to  abandon  the  search  as  hopeless.  But  to  this 
complexion  it  has  come  at  last. 

Wells  have  been  located  in  all  the  ways  that  can  be  suggested,  viz., 
at  the  caprice  of  the  drillers,  at  random,  in  the  neighborhoods  of  the 
famous  "  blowers  '*  of  the  salt-well  days,  and  lastly,  with  all  the  aid  that 
geology  can  give,  on  the  summits  of  the  low  arches  and  terraces  which 
the  spirit  level  reveals,  and  the  records  of  all  agree  as  to  the  outcome. 
The  order  and  character  of  the  strata  are  remarkably  uniform  and  regu- 
lar, but  there  is  nothing  whatever  to  break  the  monotonous  returns  of 
complete  and  unrelieved  failure.  There  is  a  little  gas  or  oil,  or  both, 
everywhere,  but  the  iatai  flood  of  salt  water  is  always  just  at  hand,  and 
the  most  brilliant  promise  is  speedily  extinguished  by  it. 

There  are,  of  course,  large  districts  in  the  county  that  have  not  yet 
been  tested,  but  the  most  available  and  promising  locations,  which  were 
the  first  to  be  tried,  have  without  exception  disappointed  all  expecta- 
tions of  profit.  The  lack  of  relief  in  the  strata  is  obviously  the  ground 
and  cause  of  failure.  The  Berea  grit  is  thick  enough  and  porous  enough 
to  give  the  best  result?,  but  it  lies  at  the  wrong  angle  for  concentration. 

Dresden. 

A  well  was  drilled  at  Dresden  in  the  summer  of  1886,  by  a  local 
company,  to  test  the  territory.  The  well  is  a  little  below  the  horizon  of 
the  lower  Mercer  limestone;  Its  elevation  above  tide  is  about  7S5  feet* 
The  Conglomerate  Coal  Measures,  the  Cuyahoga  shale,  blue,  the  Berea 
shale,  black,  and  forty-five  feet  thick,  the  Berea  grit,  a  white  sandstone 
fourteen  feet  thick,  the  Bedford  shale,  red,  and  twenty  feet  thick,  and 
the  Ohio  shale,  mainly  light-colored,  are  all  found  in  normal  order  and 
appearance  in  the  well.  The  surface  of  the  Berea  grit  was  reached  at  a 
depth  of  768  feet,  which  shows  it  to  be  very  few  feet  below  sea-level. 
The  rock  was  found  to  contain  saltwater  and  a  small  quantity  of  oil. 
The  well  was  carried  down  a  few  hundred  feet  into  the  Ohio  shale  with- 
out any  favorable  result. 

Cambridge, 

At  Cambridge,  Guernsey  county,  three  wells  have  recently  been 
drilled,  to  which  unusual  interest  is  attached.  This  interest  arises  from 
the  presence  of  the  Cambridge  Anticlinal  in  this  general  field.  It  will 
be  remembered  that  an  arch  found  here,  although  very  gentle  and 
low,  is  still  the  most  pronounced  arch  along  the  entire  line  of  the  Balti- 
more and  Ohio  Railway  from  Zanesville  to  Bellaire.    The  effect  of  this 
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structure  upon  gas  or  oil  accumulation,  a  subject  in  regard  to  which 
considerable  difference  of  opinion  still  exists,  can  therefore  be  tested 
better  here  than  at  any  other  point  in  this  portion  of  the  state.  Several 
demands  must,  however,  be  met  before  the  test  can  be  counted  satis- 
factory. The  Cambridge  arch  is  revealed  on  an  east  and  west  line,  the 
Cambridge  limestone  and  also  the  Cambridge  coal,  as  they  rise  to  the 
east  from  Casseirs  Station  instead  of  sinking  in  that  direction,  as  their 
normal  inclination  would  require,  furnishing  the  elements  by  which 
the  disturbance  is  recognized  and  measured.  In  order  that  the  test  be 
satisfactory,  we  must  be  sure  that  the  drilling  is  done  on  the  highest 
point  of  the  arch  in  the  direction  now  noted.  But  another  factor  must 
also  be  taken  into  account.  It  is  by  no  means  certain  that  the  summit 
of  the  fold  lies  exactly  level.  Its  direction  is  probably  southwest,  as  all 
the  main  structural  lines  of  eastern  Ohio  follow  this  course,  and  the  axis 
may  rise  and  fall  within  narrow  limits  as  it  advances  in  this  course. 
It  is  not  enough,  therefore,  to  be  sure  that  the  derrick  shall  be  located 
on  the  highest  point  in  an  east  and  west  line.  To  make  the  demonstra- 
tion complete  of  the  influence  or  want  of  influence  of  an  arch  in  oil- 
production,  it  must  also  be  shown  that  the  well  is  located  on  one  of  the 
summits  of  the  rolls,  if  such  there  be,  in  the  line  in  which  the  fold  extends. 
The  summit  of  the  arch,  on  an  east  and  west  line,  appears  from  all  the 
measures  made  by  the  Survey,  to  be  located  a  little  west  of  the  town. 
The  Tunnel  Hill  may  be  counted,  in  the  light  of  present  knowledge,  as 
the  highest  point  in  the  arch  along  the  railroad.  The  other  factor  has 
not  been  determined,  but  it  will  require  only  a  little  field-work  to  learn 
whether  the  Cambridge  limestone  is  higher  or  lower  in  a  northeast  and 
southwest  direction  than  at  the  hill  above  named.  It  is  certainly  desir- 
able, while  so  much  random  drilling  is  going  on  on  all  sides,  that  the 
only  factor  to  which  we  can  rationally  give  a  place  in  our  theories  of 
oil  and  gas-production  should  be  made  to  show  whether  or  not  it  has 
any  possibility  of  service  and  guidance  in  our  search  for  this  coveted 
source  of  power.  The  three  wells  already  drilled  at  Cambridge,  so  far 
as  they  go,  give  testimony  in  harmony  with  the  arch  theory.  No  one 
of  them  was  drilled  on  or  very  near  the  summit  of  the  arch,  but  the 
first  two  were  nearer  than  the  third,  and  their  promise  and  response  have 
been  the  more  encouraging.  But,  as  the  arch  theory  would  lead  us  to 
expect,  the  gas  and  oil  found  in  the  Berea  grit  at  the  point  where  it  was 
struck,  were  also  accompanied  with  salt  water.  The  third  well  is 
probably  three  miles  distant  from  the  summit  of  the  arch,  and  it  indi- 
cates a  smaller  stock  of  gas  and  oil  than  the  two  previous  ones.  Well 
No.  1  was  located  northeast  of  the  town,  and  perhaps  a  half-mile  due 


Logan  ffroap  or  Waverlj 
Conglomerate  ^ 182  feet 
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east  of  the  summit  of  the  axis.    Its  record  is  given  below  in  general 
terms : 

Soil  and  surface 64  feet 

Dark  sand  and  shale..............    26  feet  ^ 

Limestone 10    " 

Light  shale 46    " 

Hard  sandstone,  darkt^olored..      8    " 

^tS^^^!!^^:  i  S  ^'".rcjaiiSitfr.'!:  401  feet 

White  sand.* 20    « 

Shale 66    " 

White  sand : 26    " 

Dark  shale fiO    " 

Close  sand,  white 10    " 

Sand  with  pehblee  at  base 100    ** 

Dark  shale 4    " 

Soft  sand 68    •• 

Light  shale  (CajaHoga).. 840  feet 

Black  shale  (Berea  shale) 48    ** 

White  sand  (Berea  grit)- 66    " 

White  shale  (Bedford).....,-. 6    '* 

The  well  contained  several  factors  of  considerable  interest,  as  will 
be  seen.  The  thickness  of  the  Berea  grit  attracted  the  attention  of  the 
drillers  of  the  Macksbarg  field,  who  saw  in  it  the  promise  of  a  large  oil- 
production,  if  other  elements  should  prove  favorable. 

The  well  produced  a  considerable  volume  of  gas,  a  small  volume  of 
oil,  and  some  salt-water.  The  gas  was  in  force  enough  to  lift  the  oil  and 
salt-water.  The  oil  is  a  heavy  oil,  with  a  gravity  of  29°  B.  Its  pro- 
duction is  reported  to  have  been  maintained  to  the  present  time,  the 
rate  being  five  to  ten  barrels  per  week. 

Well  No.  2  was  located  still  further  from  the  town  in  the  same 
northeast  direction,  but  presumably  not  much  further  from  the  axis 
than  well  No.  1*  It  struck  a  strong  flow  of  gas  in  the  salt-water 
sand,  an  experience  which  recalls  the  traditioi^s  of  fifty  years  ago  when 
numerous  salt-wells  in  the  Muskingum  Valley  were  abandoned  because 
of  the  interference  of  gas  with  their  production  of  brine.  The  Berea 
grit  gave  no  more  promise  in  well  No.  2  than  in  the  previous  well. 
Well  No.  3  was  located  to  the  southeast,  where  all  the  geological  condi- 
tions were  increasingly  unfavorable  to  either  gas  or  oil-production. 

The  numerous  salt-wells  drilled  in  the  Wills  Creek  Valley  in  past 
years  have  all  obtained  their  brine  from  the  salt-water  sand  or  Logan 
Conglomerate,  which  holds  good  thickness  and  great  steadiness  through- 
out this  entire  region.  It  rises  to  day  in  the  valley  of  the  Licking  River 
between  Zanesville  and  Newark,  making  the  picturesque  clifis  between 
Clay  Lick  and  Black  Hand.    (I^ecember,  1886). 

Since  the  preceding  statements  were  made  a  large  amount  of  very 
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important  experience  has  been  accumulated  in  the  Cambridge  field,  a 
brief  account  of  which  must  be  given  at  this  point. 

All  the  hints  and  suggestions  that  geology  has  to  offer  have  finally 
been  appropriated,  and  three  or  four  wells  have  been  located  on  those 
parts  of  the  arch  that  promised  best.  All  of  these  have  proved  failures, 
and  the  inability  of  any  geological  knowledge  now  in  hand  to  serve  the 
great  practical. interest  of  gaining  a  supply  of  natural  gas  in  this  region 
has  been  fully  demonstrated.  Until  these  last  decisive  experiments 
were  made,  there  was  good  ground  to  hope  that  when  proper  regard 
should  be  given  to  the  facts  of  local  relief  that  the  level  had  shown  to 
exist,  the  gas-rock  would  be  found  ready  to  respond  with  a  paying  pro- 
duction. The  relief  was  recognized  as  very  slight,  though  real,  but  when 
tested  by  the  drill  it  was  found  ineffective  for  the  purpose  desired. 

The  first  of  these  wells  was  one  located  very  near  the  Tunnel  in 
Cambridge,  by  a  citizens'  company.  The  point  selected  was  a  proper 
one  on  an  east  and  west  line.  It  was  a  little  less  advantageous  in  the 
direction  of  the  axis,  but  still  was  geologically  more  promising  than  any 
of  the  wells  heretofore  drilled  in  the  town.  The  result  did  not  in  any 
way  justify  the  forecast.   The  well  was  drilled  to  2,000  feet  and  abandoned. 

By  far  the  mpst  careful  and  intelligent  tests  that  have  been  made 
of  the  Cambridge  -arch,  and  its  effects  on  oil  and  gas-accumulation,  are 
those  of  Mr.  W.  M.  Carr.  Two  wells  were  drilled  by  him  to  the  south- 
west of  Cambridge,  in  the  summer  of  1887,  in  the  location  of  which  no 
pains  were  spared  to  render  fully  available  all  the  relief  to  be  afforded 
by  the  Cambridge  anticlinal.  Elaborate  lines  of  level  were  run,  and  as 
the  result,  one  well  was  located  on  the  J.  T.  McPherson  farm,  one-half 
mile  southwest  of  the  Cambridge  tunnel,  and  another  on  the  northeast 
I  section  19,  Westland  township,  on  the  James  McCourt  farm. 

In  the  first  well  the  Berea  sand  was  reached  at  1,045  feet.  It  was 
found  to  be  sixty-one  feet  in  thickness,  and  its  constitution  is  as  follows : 

1.    Coarse,  shelly,  hard  sand-rock 25  feet 

8.    White  and  fibe-grained  sand-rock 10    " 

3.    White  and  gray  rock,  ordinary  texture 26    " 

In  No  1  there  was  no  sign  whatever  of  oil  or  gas. 

In  No.  2  a  small  show  of  oil  appeared,  and  also  a  little  salt-water. 
This  well  was  afterwards  shot  with  forty  quarts,  but  no  value  was  de- 
veloped in  it. 

In  well  No.  2  the  Berea  grit  was  struck  at  1,213  feet.  The  composi- 
tion of  this  stratum  here  is  as  follows  : 
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1.  Coarse  sand,  good  grain  and  color 12  feet 

2.  Medinm  grain 12    " 

8.  Fine,  hard,  white  rock «  3    ** 

4.  Average  sand-rock 48    " 

Total  thickness ^    76    " 

In  No.  1  there  was  no  oil  or  gas  ;  in  No.  2,  oil  enough  to  grease  the 
tools  appeared,  and  also  a  little  salt-water.  In  No.  3,  a  small  amount  of 
gas  was  found;  and  in  No.  4  the  oil  showing  was  continued.  The  gas 
increased  to  a  few  thousand  feet  per  day  after  the  well  was  completed. 

This  well  was  shot  with  120  quarts,  but  the  result  was  not  satis- 
factory. No  great  addition  was  made  to  the  insignificant  production 
already  recorded. 

Explanations  can,  of  course,  be  found  for  these  failures,  but  the 
trouble  lies  in  the  fact  that  there  are  nothing  but  failures  to  be  ex- 
plained. 

The  facts  pertaining  to  this  important  line  of  investigations  have 
been  kindly  communicated  by  Mr.  W.  M.  Carr,  under  whose  direction 
they  have  gone  forward.  He  has  brought  to  his  search  all  the  knowl- 
edge that  is  available,  and  he  has  stated  the  results  of  each  experi- 
mental, well  with  perfect  candor  and  openness. 

The  Cambridge  arch  extends  in  the  usual  northeast  and  southwest 
direction.  It  presumably  traverses  Liberty  and  Monroe  townships  in  the 
first  direction,  and  to  the  southwest  it  crosses  portions  of  Muskingum 
and  Morgan  counties. 

KimboUon, 

A  well  was  drilled  to  the  south  of  Kimbolton  early  in  1887,  by  the 
Messrs.  Luccock  and  other  parties  from  Kimbolton.  The  well  was 
located  in  Section  3,  Liberty  township.    The  record  is  as  follows : 

WeiUhead  at  Levtl  of  Middle  KiUanning  Coal. 

Surface  clays.. 76  feet 

Interval 314    " 

Lower  Mercer  coal,  five  feet  thick,  at  160  feet. 

Salt-sand  struck  at  890  feet 173    " 

Shales,  gray  and  at  bottom  black  (Cuyahoga  and  Berea  shale) 417    *' 

Mackabarg  sand  (BereA  grit)  at. 980    " 

Thickuessof  first  sand 41  feet. 

Shaly  sand 8    " 

Oil  sand 8    « 

Total  thickness  of  Berea 57    " 

Red  shale,  underlying,  drilled  in 60    ** 

The  well  was  a  failure,  only  a  trace  of  gas  or  oil  being  obtained. 
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In  a  Becond  well,  undertaken  soon  after,  a  better  location  was 
seUcted,  viz.,  two  miles  to  the  eastward,  and  in  the  line  of  the  Cam- 
bridge anticlinal.  The  record  of  thid  well  breaks  the  monotony  of  the 
field.  It  is  said  to  produce  a  fair  volume  of  gas  and  to  gain  a  pressure 
of  300  pounds  in  eight  minutes. 

The  Cambridge  anticlinal  has  justified  its  name  to  this  extent  at 
least.  Other  wells  are  now  going  down  in  this  vicinity,  and  there  is  a 
promise  of  a  field  of  at  least  small  proportions  here. 

Quaker  City, 

At  Quaker  City,  on  the  extreme  eastern  side  of  Guernsey  county,  a 
well  was  drilled  by  a  company  of  business  men  to  the  Berea  grit  in  1886. 
The  well-head  is  fifteen  feet  below  the  level  of  the  Crinoidal  limestone, 
and  about  870  feet  above  tide.  A  skeleton  section,  as  kept  by  the  con- 
tractor, has  been  kindly  furnished  to  the  Survey  by  Dr.  E.  D.  Strahl. 
It  is  as  follows : 

At  257  feet,  sand-rock. 
At  259  feet,  coal. 

At  400  feet,  a  sand-rock  twelve  feet  thick. 
At  436  feet,  a  fossiliferous  black  shale. 
At  488  feet,  a  coal  seam  seven  feet  thick. 
At  460  feet,  sandstone. 
At  560  feet,  sandstone. 

At  655  feet,  a  sandstone  sixty-six  feet  thick,  salt-water,  sand,  or  Logan  Ck)n- 
glomerate. 

At  IhO  feet,  a  bine  shale  560  feet  thick  (Cuyahoga  shale). 
At  1,310  feet,  a  black  shale  thirty  feet  thick  (Berea  shale). 
At  1,340  feet,  a  hard  black  sand  one  foot  thick. 
At  1,341  feet,  the  Mackshnrg  sand  or  Berea  grit,  six  feet  thick. 

This  record  shows  the  Berea  grit  to  be  1,355  feet  below  the  Crinotdal 
limestone,  and  464  feet  below  tide.  The  elevations  of  this  stratum  at 
Newark,  Zanesville,  Cambridge  and  Quaker  City  are  as  follows,  viz..  at 
Newark,  254  feet  above  tide;  at  Zanesville,  115  feet  below  tide;  at  Cam- 
bridge, 215  feet  below  tide;  at  Quaker  City,  470  feet  below  tide.  The 
total  descent  from  Newark  to  Quaker  City  is  724  feet.  These  facts  are 
indicated  in  the  accompanying  section,  which  represents  the  fall  of  the 
strata  from  Columbus  to  Bellaire  in  an  easterly  direction. 

The  Quaker  City  well  yields  a  few  thousand  feet  of  gas  per  day.  A 
little  salt-water  is  produced  with  it,  but  the  gas  has  sufficient  energy  to 
remove  all  accumulations  when  it  is  properly  handled. 

The  experience  of  the  first  well  is  not  altogether  discouraging  to 
this  vicinity.  Other  wells  will  probably  bo  sunk  in  the  near  future, 
inasmuch  as  gas  is  much  desired  for  uso  in  the  glass  factory  that  has 
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recently  been  established  at  Quaker  City.  So  far  as  the  elevations  taken 
through  the  vicinity  show,  the  strata  to  the  westward  appear  to  hold  a 
monotonous  descent,  and  no  indications  have  been  found  in  this  im- 
mediate neighborhood  of  the  suspensions  or  interruptions  of  the  dip 
that  we  are  learning  to  regard  as  indispensable  to  large  accumulations 
of  gas.  Somewhat  more  favorable  indications  are  apparently  found 
about  three  miles  to  the  eastward.  At  that  point  a  small  terrace  ap- 
pears to  be  developed.  If  further  drilling  is  attempted  here  in  the 
absence  of  other  determining  circumetances,  this  terrace  should  be 
tested. 

F.    Deep  Wells  of  Fairfield,  Pebrt  and  Morgan  Counties. 

Lancaster. 

An  interesting  and  important  well  is  now  being  drilled  at  Lancas- 
ter, Fairfield  county,  by  a  company  of  citizens,  in  order  to  properly  test 
their  territory  with  reference  to  gas  or  oil.  The  well  is  located  in  the 
valley  of  the  Hocking  river,  a  little  below  the  railway  station.  Its 
elevation  above  tide  is  812  feet.  The  divisions  of  the  well  record, 
though  unmistakable  in  the  main,  are  not  in  all  cases  sharply  defined 
in  the  accounts  that  are  accessible.  As  reported  by  Mr.  Albert  Smith, 
the  contractor,  the  leading  facts  are  as  follows : 

Drift.. '. 132  feet. 

Cayahoga  shale  and  Berea  shale 268  *' 

Berea  grit 20  " 

Shales,  red,  blue  and  dark 480  <* 

Black  slate «  200  " 

Soft  limestone 100  "    or  more. 

.  Hard  limestone 600  "    to  700  ft. 

Bed-rock,  interbedded  with  hard  calcareous  bands,  betpin- 

nmg  aU 1,810  " 

The  surface  of  the  Berea  grit  is  here  412  feet  above  tide.  The  first 
bed  of  red-rock,  thirty  feet  in  thickness,  was  struck  at  1,810  feet,  as 
noted  above.  It  was  succeeded  by  three  beds  of  sand,  so-called,  at  inter- 
vals of  twenty  or  thirty  feet,  and  below  these  a  second  red-rock  was 
struck. 

The  sinking  of  the  drive- pipe  through  the  130  feet  of  drift,  above 
noted,  was  slow  and  expensive.  A  large  tree  was  struck  nearly  end- 
wise at  a  depth  of  forty  feet,  which  proved  very  troublesome,  and  lower 
down  beds  of  quicksand  occurred  in  considerable  amount,  which  were 
hard  to  pass.  The  Berea  grit  was  found  in  fair  volume,  but  essentially 
unproductive.    The  shalep  were  soon  passed,  but  the  limestones  below 
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proved  hard  and  stubborn,  and  the  drill  descended  through  them  slowly. 
The  lower  surface  of  the  limestone  does  not  come  out  very  distinctly  in 
the  records  that  are  accessible,  but  a  red  shale  was  struck  at  1,810  feet, 
interbedded  with  which  were  hard  calcareous  bands  that  bruised  the 
bits  out  of  gauge  like  sandstone.  Gas  was  found  in  a  considerable 
volume  in  this  last-named  series,  and  especially  in  a  hard  stratum 
at  1,957  feet.  There  is  some  question  as  to  the  geological  source 
of  the  gas — whether  derived  from  the  Clinton  or  Medina  horizon, 
with  the  probabilities  greatly  in  favor  of  the  former.  Both  contain 
red  shales.  The  progress  of  the .  well  will,  perhaps,  clear  away  the 
uncertainty.  The  flow  of  gas  in  the  well  was  measured  by  the  ane- 
mometer at  the  casing  head  on  February  10,  1887,  and  the  amount  of 
daily  production  was  found  to  be  74,880  cubic  feet.  If  the  gas  were 
obliged  to  issue  from  a  two-inch  pipe,  probably  not  more  than  60,000  feet 
per  day  at  most  would  be  produced.  Salt-water  appears  to  enter  the  well 
in  connection  with  the  gas.  At  the  date  of  measurement  there  was 
thought  to  be  not  less  than  200  feet  of  it  in  the  well. 

Great  interest  has  been  excited  by  the  success  that  Lancaster  has 
achieved  in  finding  a  deep  source  of  gas,  and  the  drilling  of  deep  wells 
will  be  greatly  stimulated  thereby  throughout  the  entire  region.  It  is 
too  early  to  decide  what  the  value  of  the  discovery  is.    (March,  1887). 

The  later  records  of  this  well  and  of  two  subsequently  drilled  are 
full  of  interest.  Drilling  was  continued  in  the  first  well  for  a  compara- 
tively short  distance  below  the  gas  vein,  but  the  distance  proved 
long  enough  to  identify  the  horizon  beyond  all  question.  A  bed  of  red 
rock  was  the  most  conspicuous  element  in  the  new  portion  of  the  sec- 
tion, and  this,  on  examination,  proved  to  be  the  iron  ore  of  the  Clinton 
horizon,  the  most  definitely  characterized  bed  in  the  whole  column  of 
Ohio.  It  was  thus  learned  that  the  gas  in  question  is  derived  from  a 
bed  of  crystalline  light  colored  limestone,  included  between  two  beds  of 
red  rock,  all  of  which  are  of  Clinton  age. 

The  analysis  of  the  gas  rocks  also  throws  a  good  deal  of  light  upon 
its  place  in  the  scale.    Its  composition  is  as  follows,  viz. :    {Lord.) 

Carbonate  of  lime 80.aO 

Carbonate  of  magnesia 4.57 

Insoluble  matter ^» 8.65 

Oxide  of  iron  and  alamina 8.50 

To  those  who  are  acquainted  with  the  composition  of  the  several 
limestones  of  our  scale  in  their  outcrops,  these  figures  will  be  significant. 
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There  is  but  one  limestone  in  the  list  that  agrees  with  them,  and  that  is 
the  Clinton  limestone  of  southwestern  Ohio. 

A  chemical  composition  of  this  character  will  scarcely  be  found 
compatible  with  very  large  gas  production,  if  we  can  judge  from  the  ex- 
perience of  the  Findlay  field.  If  such  production  is  realized  here  it  will 
probably  be  found  that  the  rock  has  become  doljmitic  in  character. 

A  number  of  other  analyses  of  the  drillings  of  this  well  are  ap- 
pended here.  No.  1  belongs  100  feet  or  so  above  the  gas-rock,  and  repre- 
sents the  Niagara  limestone  perfectly.  Nos.  2  and  3  show  the  composi- 
tion of  the  shales  that  carry  the  Clinton  ore.  The  analyses  are  as  fol- 
lows :     (Lord ) 


1 

2 

64.13 

'30.32 

42.86 

2.11 

1.80 

33.10 

.50 

24.60 

3 


Carbonate  of  lime 

Carbonate  of  magnesia 

Insoluble  matter 

Oxide  of  iron  and  alumina 


27.01 

3.17 

38.12! 

26J20 


In  the  last  analysis,  the  iron  constituted  11.2  per  cent,  of  the  com- 
bined product. 

The  Clinton  limestone  has  long  been  known  to  be  petroliferous.  It 
is  decidedly  so  in  its  outcrops  in  southern  Ohio.  Especially  in  Mont- 
gomery and  Preble  counties,  notable  quantities  of  petroleum  are  found 
in  quarries  of  the  limestone  and  in  springs  that  issue  from  it.  The  sur- 
face indications  led  to  the  drilling  of  deep  wells  in  both  these  counties 
during  the  oil  exoitement  of  twenty-five  years  ago,  but  the  surface  in- 
dications were  all  that  was  in  the  field,  and  deep  drilling  was  not 
rewarded  in  any  way. 

More  recently  the  Clinton  limestone  has  been  found  a  source  of  gas 
and  oil  in  northern  Ohio.  The  Fremont  shallow  welb  derive  their 
supplies  from  this  horizon,  and  a  well  in  Wood  county  has  been  already 
reported  which  produces  thirty  to  forty  barrels  of  oil  per  day  frpm  the 
same  series  (page  233). 

Still,  the  discovery  of  so  considerable  a  gas  vein  as  Lancaster  has 
obtained  in  the  Clinton  was  altogether  unexpected.  The  same  series 
had  been  penetrated  during  the  two  preceding  years,  scores  of  times, 
in  the  counties  to  the  west  and  north,  without  realizing  any  value 
whatever,  and  the  conclusion  already  stated,  that  but  one  horizon  of  gas 
belongs  to  any  one  locality,  was  counted  fully  warranted  by  the  facts. 
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This  conclusion  is  not  really  vitiated  as  yet,  for  although  Lancaster  is 
located  on  the  edge  of  Berea  grit  territory,  this  stratum  has  no  ap- 
parent value  here.  It  has  furthermore  been  shown  that  the  Trenton 
limestone  loses  its  productive  power  in  this  portion  of  the  state  on  two 
counts,  viz.,  its  chemical  composition  and  its  depth  below  sea,  involv- 
ing also  its  lack  of  suitable  relief.  Under  the  circumstances,  the  dis- 
covery of  a  new  source  of  gas,  large  enough  to  be  respectable,  in  a  field 
so  well  tested  already,  was  certainly  surprising.  It  seems  to  leave  but 
little  value  to  geological  forecast. 

The  well  above  described  was  torpedoed  with  100  quarts  of  nitro- 
glycerine during  the  summer,  and  its  flow  was  said  to  be  increased 
several  fold  by  the  operation.  It  has  been  utilized  in  the  shops  of  the 
Hocking  Valley  Manufacturing  Company.  Its  yield  has  not  been  de- 
termined recently,  but  it  is  asserted  that  volume  and  pressure  are  well 
maintained.  The  supply  is  not  quite  adequate  to  the  demands  of  the 
works  into  which  it  has  been  introduced,  at  least  with  the  present  ap- 
pliances lor  using  it 

The  history  of  the  two  wells  subsequently  drilled  will  now  be 
briefly  given. 

The  second  well,  located  near  the  base  of  Mt.  Pleasant,  has  been 
recently  brought  in  and  proves  to  be  of  great  importance  and  significance. 
In  its  record,  it  agrees  in  all  essential  particulars  with  well  No.  1. 
It  is  a  little  more  than  a  mile  northeast  of  the  first  well  and  is  located 
upon  ground  forty  or  fifty  feet  higher.  The  design  was  to  strike  the  out- 
crop of  the  rock  and  thus  avoid  the  trouble  from  the  drift,  before  ex- 
perienced, but  fifty  feet  of  drift  clay  were  found  at  this  point  also.  The 
Berea  grit  had  a  small  showing  of  gas,  but  it  also  carried  salt-water, 
which  was  cased  out  at  about  450  feet.  The  descent  through  the  shales 
and  upper  limestones  was  uninterrupted  until  a  depth  of  1,855  feet  was 
reached.  Here  a  strong  flow  of  limestone  brines,  rank  with  chlo- 
rides of  sodium,  calcium  and  magnesium,  was  struck.  It  came  from  the 
top  of  the  Niagara  shale,  which  appeared  here  as  thirty  feet  of  soft 
drilling.  Immediately  below,  hard  bands  were  found  interstratified 
with  thicker  beds  of  shale.  It  is  probable  that  this  change  marks  the 
beginning  of  the  Clinton  series.  By  this  determination,  its  upper 
surface  was  reachad  at  1,885  feet.  The  well  was  cased  to  1,900  feet  with 
5f-inch  casing.  This  is  the  deepest  string  of  large  casing  known  in 
the  state.  In  the  Cleveland  well  the  length  is  1,850  feet.  A  band  of 
red  shale  was  found  at  about  1,950  feet,  and  at  1,989  feet  the  crystalline 
limestone,  which  proved  the  gas-rock  in  well  No.  1,  was  reached.    It  re- 
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sponded  the  moment  it  was  tapped  by  the  drill  with  a  vigorous  prodac- 
tion  of  gas.  This  sheet  oi  limestone  proved  to  be  about  ten  feet  thick, 
and  was  followed  by  another  band  of  red  rock,  in  which  drilling  was 
suspended*  The  flow  of  gas,  as  measured  from  the  casing  by  the  ane- 
mometer, October  14,  1887,  was  found  to  be  792,000  cubic  feet  per  day, 
or  in  round  numbers  800,000  cubic  feet  per  day. 

The  gas  appears  to  di£fer  from  the  Trenton  limestone  gas  in  having 
less  sulphuretted  hydrogen  and  greater  illuminating  power.  Analysis 
may  not,  however,  confirm  these  observations.  The  well  is  entirely  dry, 
and  is  in  all  respects  in  perfect  condition. 

Well  No.  3  was  brought  in  a  few  days  after  No.  2,  and  proved  even 
more  vigorous  than  its  predecessor.  It  is  located  on  an  outcrop  of  the 
Logan  Conglomerate,  a  little  more  than  a  mile  southeast  of  the  city. 
The  three  wells  thus  mark  the  corners  of  a  triangle,  and  it  would  seem 
reasonable  to  count,  at  least,  the  territory  included  within  its  boundaries 
as  gas  territory.  The  further  limits  of  the  field  will  necessarily  await 
the  definition  of  the  drill. 

The  well-head  was  about  twenty  feet  higher  than  the  location  of 
No.  1,  but  the  gas-rock  was  not  reached  until  a  depth  of  2,020  feet  was 
attained.  In  No.  2,  the  gas-rock  was  found  at  a  greater  elevation  than 
in  No.  1,  but  in  No.  3,  more  than  sixty  feet  lower.  The  last  well  proves 
to  be  the  best,  a  result  which  the  present  scanty  series  of  facts  leaves 
unexplained.  The  level  at  which  it  was  struck  would  seem  to  place  it 
at  a  disadvantage. 

The  well  is  tubed  with  4^inch  pipe  from  top  to  bottom.  The  same 
strong  stream  of  salt-water  reported  in  No.  2  was  found  here  also,  near 
the  level  of  the  Niagara  shale.  This  last-named  stratum  was  found  to 
be  about  fifteen  feet  thick.  In  addition  to  the  4^-inch  pipe,  the  regular 
casing  extends  to  the  Berea  grit  and  below.  The  Devonian  limestone 
was  reached  at  a  depth  of  about  1,150  feet.  The  Logan  Conglomerate 
continued  as  a  gray  sandstone  for  145  feet.  There  were  several  belts  of 
red  rock  above  the  gas  vein.  The  gas-rock  proper  is  reported  as  at  least 
fifteen  feet  thick. 

Well  No.  2  was  measured  on  October  14th,  and  the  daily  product 
from  the  4|-inch  pipe  was  found  to  be  878,000  cubic  feet.  Like  results 
were  obtained  by  Prof.  6.  W.  Welch  a  day  or  two  before  this.  The  flow 
would  doubtless  have  been  1,000,000  feet  if  measured  from  a  5f-inch 
pipe. 

The  closed-pressure  of  the  wells  has  not  been  determined,  but  there 
is  good  reason  to  expect  that  it  will  be  high.  The  gas  is  derived  from  a 
depth  of  nearly,  or  quite  2,000  feet  below  the  surface,  and  about  1,100 
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feet  below  sea-level.  A  pressure  far  in  excess  of  the  pressure  of  the 
Findlay  field  is  to  be  expected  here. 

The  three  wells  now  completed  are  understood  to  have  cost  about 
16,000  each.  Now  that  the  series  and  the  conditions  are  understood,  it 
will  probably  be  possible  to  reduce  this  amount,  to  some  extent,  in 
future  drilling.  The  large  casing  will  not  again  be  continued  to  the 
limestone  brines,  but  it  will  have  fulfilled  its  office  when  it  has  taken 
proper  care  of  the  brine  of  the  Berea  grit  at  400  to  500  feet  below  the 
surface.  The  deeper  brine  is  to  be  shut  out  at  a  depth  of  nearly  2,000 
feet  below  the  surface. 

The  facts  now  given,  viz.,  that  the  two  wells  completed  in  October, 
i887,  are  yielding  1,700,000  cubic  feet  of  dry  gas  per  day,  attest  the  im- 
portance of  the  new  field.  If  the  gas  proves  fairly  permanent,  and  all 
the  indications  seem  favorable  at  the  present  time,  Lancaster  is  sure  to 
reap  very  great  advantage  from  the  discovery  which  the  energy  and  per- 
sistency of  a  few  of  her  citizens  have  wrung  from  unwilling  nature. 

A  new  horizon  of  gas  and  oil  is  to  be  added  to  the  scale  of  southern 
Ohio  by  this  discovery.  What  is  its  significance  and  promise?  Answers 
have  been  already  given  to  this,  question  in  the  preceding  pages  of  this 
chapter.  The  records  herewith  published  show  that  the  Clinton  series 
has  proved  barren  of  all  production  in  the  test  wells  of  Columbus,  Lon- 
don, Washington  C.  H.,  Circleville,  Chillicothe  and  Carroll. 

In  Newark,  a  small  production  has  been  realized  from  it.  A  well 
which  is  being  drilled  at  Baltimore,  Fairfield  county,  is  down  near  to  or 
beyond  this  horizon  at  the  present  time,  and  testimony  of  one  sort  or 
another  will  soon  be  obtained  from  it.  It  is  evident  that  the  value  of 
the  discovery  has  been  already  largely  discounted  in  the  adjacent 
regions,  but  still  a  new  impetus  will  be  given  to  the  work  of  exploration. 

By  referring  to  the  line  of  sections  described  on  page  318,  it  will  be 
observed  that  a  gentle  uplift  of  the  series  appears  at  Lancaster.  It  is 
explained  in  the  account  that  is  given  of  it  as  depending  on  the  ap- 
proach to  the  western  outcrop  of  the  Berea  grit,  but  it  is  possible  that 
the  fact  has  a  difierent  significance,  and  really  stands  for  a  fold  of  small 
force  that  crosses  the  country  here  and  presumably  in  a  northeast  and 
southwest  direction. 

One  advantage  will,  perhaps,  result  from  this  discovery  to  the 
regions  now  under  consideration.  The  Clinton  limestone  will  take  the 
place,  in  the  popular  demand  for  deep  drilling,  of  the  Trenton  lime- 
stone, and  a  much  needed  rest  will  be  secured  for  this  last-named  over- 
worked stratum. 

The  drill  can  be  made  to  reach  the  Clinton  series  in  a  great  many 
places  where  it  is  almost  chimerical  to  undertake  to  reach  the  Trenton 
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limestone.  The  eastward  descent  of  the  entire  series,  through  this  part 
of  the  state  will,  however,  soon  carry  the  new  horizon  to  the  same  im- 
practicable depths  in  this  direction. 

Carroll. 

Carroll  followed  the  example  of  Lancaster,  by  drilling  a  deep  well 
in  the  summer  of  1887.  A  skeleton  record,  kindly  furnished  by  Dr.  J. 
G.  Nau,  gives  the  facts  to  a  recent  date.    They  are  as  follows  : 

Drift ^ 260  feet 

Shales 616    " 

limestone.. 386    " 

The  Berea  grit  is  due  in  the  space  occupied  by  the  surprising  series 
of  drift  deposits  that  appear  here,  aggregating  260  feet.  No  value  had 
been  developed  in  the  well  at  the  date  of  the  last  report.  A  depth  of 
2,800  feet  had  been  reached,  which  is  600  feet  or  more  below  the  borizon 
of  the  Lancaster  gas.  The  Trenton  should  be  struck  at  about  2,800 
feet. 

McCwnevUle. 

At  McCuneville,  in  Perry  county,  several  wells  were  drilled  a  num- 
ber of  years  since  to  the  Berea  grit  and  below,  in  a  search  for  salt-water. 
The  wells  of  this  locality  reach  the  Berea  grit  at  a  little  more  than  800 
feet  in  depth,  and  they  reveal  a  normal  section  in  all  respects.  The 
Berea  grit  is  here  about  ten  feet  thick,  and  about  forty  feet  below  sea- 
level.  It  is  820  feet  below  the  lower  Mercer  limestone,  and  960  feet 
below  the  great  vein,  or  Middle  Kittanning  coal  which  is  mined  in  the 
hills  above  the  well-head.  The  Berea  grit  yielded  a  weak  brine,  from 
which  it  was  undertaken  to  manufacture  salt,  but  even  though  the 
cheapest  of  fuel,  viz.,  the  slack  of  the  mines  near  by,  could  be  used  in 
the  manufacture,  the  business  proved  unsuccessful,  owing  to  the  weak- 
ness and  small  quantity  of  the  brine.  A  small  volume  of  gas  came  into 
the  wells  in  connection  with  the  salt-water,  and  is  still  rising  through 
the  whole  column  of  water  in  such  volume  that  it  can  be  lighted  at  the 
well-head. 

The  record  of  one  of  these  wells,  as  copied  from  the  log  of  the  pro- 
prietors, is  given  below.    It  was  kindly  supplied  by  F.  G.  McCune,  Esq. : 

At  280  feet,  a  sand-rock  with  salt-water  was  struck.    This  continued  for  98  feet, 
with  a  few  small  interruptions  of  shale. 
At  890  feet,  struck  gray  rock. 

At  460  feet,  struck  gray  sand  with  salt-water  and  some  gas. 
At  600  feet,  struck  hard  shell-rock  (Cuyahoga  shale). 
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At  796  feet,  striick  black  slate,  19  feet  thick  (Berea  shale.) 
At  814  feet,  struck  white  sand,  13  feet  thick,  with  salt-water  and  gas  (Berea  grit.) 
At  827  feet,  stmck  red  shale  (Bedford  shale),  8  feet  thick. 
At  886  feet,  stmck  hard  gray  shale,  60  feet  thick. 

At  892  feet,  struck  black  shale  which  continued,  with  changes,  fiom  hard  to  soft, 
And  also  in  color  to  1,868  feet,  making  641  feet  of  shale  below  the  Berea  grit 

Malta. 

In  Morgan  county,  a  large  amount  of  salt-well  drilling  was  done 
at  an  early  day,  and  within  the  last  twenty  years  many  wells  haye  been 
drilled  in  the  search  for  oiL  Most  of  these  wells  are  shallow  and  obtain 
their  oil  from  the  Coal  Measure  sandstones.  Tnese  will  be  described  in 
another  chapter,  but  several  of  the  later  have  been  drilled  to  the  Macks- 
burg  sand,  or  Berea  grit. 

The  most  remarkable  flow  of  gas  known  in  the  county  of  late  years 
was  derived  from  the  *^salt  sand"  or  Logan  Conglomerate,  in  a  well  back 
of  Malta.  A  large  volume  of  gas  was  set  free  here  originally,  and  the 
flow  was  maintained  for  many  years  with  a  measure  of  importance.  It 
was  early  utilized  in  a  small  way,  and  has  done  its  full  share  of  service 
in  familiarizing  the  people  of  the  valley  with  the  presence  and  advan- 
tages of  natural  gas.  In  one  respect  it  has  proved  misleading.  To 
most  people  it  seemed  safe  to  draw  the  conclusion  that  since  gas  bad 
been  found  in  large  quantity  before  the  world  had  learned  to  appre- 
ciate its  wonderful  value,  and  therefore  when  its  discovery  was  unwel- 
come, an  abundant  supply  would  be  sure  to  be  found  whenever  a  defi- 
nite search  should  be  made  for  it.  The  search  has  been  made  at  Malta 
and  McConnellsville  recently,  but  so  far  as  learned  no  supplies  compar- 
able with  the  old  ones  have  yet  been  obtained. 

Eagleaport. 

It  is  to  Mr.  W.  M.  Carr  that  we  owe  ihe  most  methodical  and  in- 
telligent investigations  of  'the  capabilities  of  the  Berea  grit  as  an  oil  or 
gas-rock  in  Morgan  as  well  as  in  Muskingum  and  Guernsey  counties. 
During  the  last  two  years  he  has  carried  on  a  series  of  instrumental 
measurements  through  portions  of  the  western  half  of  Morgan  county, 
and  has  sought  to  locate  all  the  structural  displacements  that  would 
promise  service  in  the  way  of  gas  or  oil  accumulation.  He  has  traced 
with  more  or  less  certainty  the  light  folds  of  Guernsey  and  Muskingum 
counties  to  the  southward,  and  has  tested  one  or  more  of  the  points  that 
seemed  most  promising  as  possible  reservoirs. 

In  a  well  thus  located  in  Deerfield  township,  N.  W.  ^  Section  2,  on 
Island  Run,  the  Berea  grit  was  found  in  a  perfectly  normal  section  at 
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1,184  feet*  It  was  19  feet  thick,  and  there  was  a  good  showing  of  gas 
and  oil  in  it.  The  well  was  shot  with  eighty  quarts,  and  gave  a  good 
reaction,  but  afterward  *'  bridged  "  300  feet  from  the  top.  The  bridge 
was  broken,  and  it  was  then  found  that  the  shale  above  the  grit  had 
fallen  in  and  some  days  were  consumed  in  getting  the  well  clear.  The 
work  was  accomplished,  but  there  was  nothing  to  render  it  valuable. 
Salt-water  soon  made  its  appearance,  and  another  failure  was  added 
to  a  list  already  discouragingly  long  and  one-sided. 

Jay  P.  0. 

Among  the  remaining  wells,  the  most  important  are  two  that  are 
located  near  Joy  poetoffice,  on  the  south  line  of  the  county.  One  of 
these  was  drilled  in  1885,  and  the  other  in  the  winter  of  1886-7.  The 
record  of  the.  first  is  not  at  hand,  but  it  was  drilled  by  parties  thoroughly 
familiar  with  the  Macksburg  field,  who  found  every  element  in  the  well 
normal.  The  well  was  counted,  when  the  Macksburg  sand  was  struck, 
fairly  favorable  in  its  indications,  but  although  the  rock  contained  oil 
in  great  or  less  quantity,  it  did  not  generate  gas  enough  to  raise  it  to 
the  surface,  and  the  pump  was  never  applied.  Defective  packing  was 
charged  upon  this  venture  by  some  who  claim  to  know  the  facts.  The 
second  well  is  now  800  feet  down,  and  will  doubtless  be  finished  in  time 
for  record  in  the  present  chapter. 

The  well  in  question  found  the  Berea  grit  1,240  feet  below  the  Ames 
or  Crinoidal  limestone,  and  full  of  salt-water.  It  was  drilled  to  a  depth 
of  twenty  feet  without  being  exhausted.  These  facts  have  been  kindly 
furnished  by  J.  A.  Lovell,  Esq. 

The  presence  of  oil  in  small,  but  fairly  continuous,  supplies  from 
shallow  sand- rock  in  this  field  has  led  to  the  deep  drilling  which  is  here 
reported.  Production  from  similar  shallow  wells  was  the  forerunner  of 
the  later  and  larger  development  of  the  Macksburg  field,  and  the  hope 
is  entertained  by  the  drillers  that  the  analogy  will  hold  true  in  Morgan 
county. 

There  is  room  enough  in  this  general  region  for  many  oil-fields  like 
Macksburg.  The  cover  is  ample,  and  the  underlying  rocks  are  known 
to  be  regular  in  composition,  and  all  that  is  required  is  disturbed 
structure  similar  to  that  of  Macksbuig.  Without  doubt  such  structure 
exists  in  a  greater  or  less  degree  throughout  this  region.  In  fact,  it  is 
impossible  to  conceive  of  the  rocks  as  all  taking  their  final  places  in  the 
scale  without  such  disturbance.  The  presence  of  shallow  oil  would  seem 
to  furnish  the  best  clue  to  follow  in  locating  such  districts. 
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Q.    Dkep  Wella  of  Hocking,  Vinton,  Jackson,  Scioto  and 
Laweence  Counties. 


Logcm. 

Considerable  drilling  has  been  done  for  oil  in  Hocking  county.  At 
Logan  three  wells  were  sunk  in  1865  and  1867,  all  of  which  proved  pro- 
ductiye  of  oil  and  gas  in  at  least  a  small  way.  The  first  well  was  located 
on  the  Baird  farm,  a  short  distance  below  the  town.  The  horizon  of  the 
weU-head  is  the  characteristic  exposures  of  conglomerate  and  sandstone 
that  hare  given  a  name  to  a  great  formation  in  our  geological  scale, 
the  Logan  group,  of  the  Sub-Carboniferous  Age.  The  records  of  the  first 
two  wells  are  as  follows : 

Becord  of  Lower  well  drilled  1866— 

{Gravel 11  feet. 

Quicksand 9    " 

Clay 2  " 

Gray  sand 10  '* 

Blue  slate 48  " 

(Water  at  60  feet). 

White  sand 10  " 

Blue  slate 70  " 

Sand-rook 1  " 

Blue  slate.. 21  " 

Slate 23  " 

Sand-rock 22  " 

Soapstone 68  " 

Amber-stone.. 80  *' 

Blue  slate.. 27  " 

Shale 68  " 

Sand-rock- 46  " 

(Salt-water  at  440  feet). 

Shale 20  " 

Soda-rock - 118  " 

(Salt-water  at  620  and  at  690  feet). 

Bituminous  black  shale  (Berea  shale) 37  " 

(Oil  and  gas  at  626  feet). 

Sand-rock  (Berea  grit) 26  " 

(Salt-water  at  640  feet). 

Red  shale  (Bedford  shale) 114  " 

(Trace  of  oil  at  770  feet). 

Black  shale.. 78  " 

Gray  slate 78  " 

Sand-rock ;  40  " 

Soda-rock.. -. 46  " 

Upper  well,  drilled  in  1866— 

To  rock 26    " 

Pebble  rock  (Logan  group) 12    " 


Ouyahosa  shale 


Ohio  shale 


Cuyahoga  shale 590  feet 


Cuyahoga  shale 622  feet. 
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Gray  slate 104  f eet.  1 

Shale 6    * 

(Water  at  148  feet). 

Sand-rock 10    *' 

Shale 65    " 

Sand-rock 58    *' 

(Water  at  275  feet). 

Soapstone 88    ** 

Shale 72    " 

Soda-rock 132    " 

Black  shale  (Berea  shale) 40  feet 

(Hole  reduced  to  five  inches  at  601  feet). 
Sand-rock  (Berea  grit)- 40    " 

(Oil  at  609  feet). 

(Salt-water  at  611  feet). 
Red  shale  (Bedford  shale) 27  feet 

The  third  well  was  located  on  the  Clear  Fork  of  Scott's  Creek,  a  half- 
mile  west  of  the  town,  in  1867.    Its  record  is  as  follows  : 

Drift,  sand  and  gravel 28  feet 

Pebble  rock 12    ** 

Gray  rock ....» 105  feet ' 

Shale 8    '' 

Sand-rock 12    " 

Sandy  shale 65    *' 

Sand-rock 83    " 

Soapstone 88    " 

Sandy  shale 72    *• 

Soda-rock 182    *' 

Black  shale  (Berea  shale) 59  feet 

Sand-rock  containing  oil 2  teet  \  «  ■..  ..    « 

Sand-rock 89    "     |  iierea  gnt 41 

Red  rock  (Bedford  shale)  - 27    " 

These  accounts  are  altogether  intelligible.  A  question  might  be 
raised  as  to  the  upper  boundary  of  the  Cuyahoga  shale,  but  the  compo- 
sition of  the  several  records  renders  the  present  division  the  probable 
one.  The  Berea  grit  crops  out  a  few  miles  to  the  westward,  and,  in  fact, 
the  entire  series  can  be  studied  with  unchanged  characteristics  in  out- 
crops, 80  that  there  is  nothing  ambiguous  or  uncertain  in  the  records  of 
the  wells. 

The  last  well  has  yielded  oil  ever  since  it  was  drilled.  Its  produc- 
tion has  been  insignificant,  but  steady.  Salt  water  is  delivered  with 
the  oil,  the  gas  never  having  lost  the  energy  necessary  to  raise  both  to 
the  surface.  The  oil  is  of  lubricating  quality,  of  24^  gravity,  and  the 
production  is  confined  to  one  or  two  barrels  per  month. 

It  will  be  seen  that  the  Berea  grit,  in  these  wells,  has  good  thick- 
ness, and  the  facts  seem  to  warrant  the  expectation  of  larger  stocks  of 
oil  or  gas  near  at  hand  than  any  that  have  yet  been  found.  The  surface 
of  the  Berea  grit  is  about  100  feet  above  tide  in  this  district. 

A  well  drilled  in  the  summer  of  1887,  at  LiOgan,  obtained  a  vigorous 


Cayahoga  shaleB^...  445  feet 
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but  short-lived  flow  of  gas  from  the  Berea  grit,  which  was  struck  at  620 
feet.  The  first  blaze  is  said  to  have  been  thirty  feet  high.  At  six  feet 
in  the  rock  the  unfailing  salt-water  was  struck. 

Drilling  was  continued  thereafter  through  the  shale  series,  but  no 
recent  facts  pertaining  to  the  work  have  come  to  hand. 

Bloomingvtile. 

Three  wells  were  drilled  in  the  vicinity  of  Bloomingville,  Benton 
township,  about  the  same  time  that  the  Logan  wells  were  drilled.  The 
following  is  the  record  of  one  of  these  wells.  It  was  kindly  furnished, 
some  years  since,  by  David  H.  Strous,  of  Laurelville.  The  well  was 
begun  fifty  or  more  feet  below  the  upper  surface  of  the  Cuyahoga  shales. 
The  section,  as  reported,  is  this : 

Slate.. 18  feetl 

Gray  sandstone 10    ** 

Soapstone 60    " 

Soapstone  and  sandstone 18    " 

Soapstone 59    ^* 

Eock.. 82    " 

Soapstone 6    ** 

White  sand-rock 16    " 

Soapstone 48    ** 

Gray  sand  rook.. .,. 64    " 

Soapstone 11    *' 

Bituminous  shale  (fierea  shale).. 89  feet. 

Oiland  salt-rock  (Berea grit) 85    " 

Soapstone 12  feet.) 

Bed  soapstone 81    *<     ^  Bedford  shale.....  109    *' 

Soapstone 16    "     J 

Black  slate 

Sandy  shales  were  evidently  confounded  by  the  driller  with  sand- 
rocks  in  this  record.  The  series  is  unmistakably  Cuyahoga  shale,  and 
in  the  outcrops  of  this  formation,  which  cover  the  country  for  many 
miles  to  the  westward,  there  is  no  such  preponderance  of  beds  that 
deserve  the  name  of  sand-rocks  as  the  record  here  contains. 

The  Berea  grit  proved  productive  here  on  the  same  scale  as  already 
described  in  the  Logan  wells,  a  barrel  per  month  of  24°  oil  of  lubricat- 
ing character  being  produced  for  a  number  of  years.  The  record  of  still 
another  experimental  well  and  of  later  date  is  given  below.  In  1882,  a 
company,  styled  the  Eureka  Oil  Company,  Limited,  drilled  a  well  near 
those  already  described.  This  well  struck  the  oil  sand,  or  Berea  grit, 
twenty-six  feet  thick  at  500  feet,  but,  inasmuch  as  disappointment  had 
occurred  in  regard  to  the  extension  of  a  railroad  line  through  the  valley, 
which  would  furnish  facilities  for  moving  oil,  in  case  it  were  reached, 
the  well  was  plugged,  but  a  few  months  thereafter  the  gas-pressure 
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blew  out  the  plug,  and  the  well  has  since  been  flowing  oil  to  the  present 
time.     The  production  is  not  large. 

Vinton  TownM^p. 

There  is  but  a  single  record  at  hand  of  drilling  in  Vinton  county, 
but  this  record  has  become  quite  famous,  and  is,  perhaps,  as  widely 
quoted  as  the  record  of  any  well  of  the  state.  The  well  in  question  was 
drilled  in  the  oil  excitement  of  1867,  on  section  4,  Vinton  township,  on 
the  land  of  John  Calvin.  Gas  in  great  volume  was  struck  at  a  depth 
of  490  feet.  The  well-head  was  near  the  horizon  of  the  Ferriferous  lime- 
stone. It  is  not  certain  what  rock  was  the  source  of  the  high-pressure 
gas  released  by  the  drill  at  this  point.  It  could  not  have  been  the  Berea 
grit,  unless  a  decidedly  abnormal  section  exists  here,  and  a  more  prob- 
able source  is  the  Logan  Conglomerate,  or  salt-water  sand  of  the  Hock- 
ing Valley.  The  figures  would  not  be  far  out  of  the  way  for  the  summit 
of  that  section.  This  rock,  it  will  be  remembered,  has  yielded  at  many 
points  a  very  vigorous  supply  of  gas.  The  well  in  question  produced  a 
small  amount  of  salt-water  in  connection  with  the  gas.  When  first 
struck  the  flow  of  the  gas  was  very  violent.  It  was  ignited  from  the 
boiler  fire  forty  feet  away,  and  burned  to  a  height  variously  estimated 
at  75  to  200  feet.  Prof.  Andrews,  of  the  Geological  Survey,  visited  the 
well  in  1870,  three  years  after  it  was  completed,  and  he  described  the  gas 
as  then  issuing  with  great  force,  and  declared  that  there  was  no  ap- 
parent diminution  in  the  supply  from  year  to  year.  (Geology  of  OhiOt 
Report  of  Progress  1870,  page  118.) 

These  facts  are  of  interest  at  the  present  time,  and  seem  to  point  to 
minor  axes  of  disturbance  through  this  region,  in  connection  with 
which  gas  and  oil  would  be  sure  to  be  accumulated.  The  Berea  grit  has 
not  been  tested  so  far  as  is  known  in  Vinton  township. 

Jackson  Court  House. 

In  Jackson  county  a  deep  well  was  drilled  in  the  early  part  of  1886. 
It  has  not  been  possible  to  obtain  a  complete  record  of  this  drilling,  but 
a  few  facts  have  come  to  hand.  The  Berea  grit  is  known  to  have  been 
struck  at  a  depth  of  about  700  feet,  or  not  far  from  the  sea-level.  It  was 
covered  with  the  black  Berea  shale,  and  immediately  underneath  it  the 
chocolate-colored  Bedford  shale  was  found.  In  other  words,  the  section 
was  a  normal  and  unmistakable  one.  The  Berea  grit  yielded  a  small 
amount  of  gas.  The  shale  was  entirely  penetrated  in  the  descent  of 
the  drill,  and  the  Upper  Silurian  limestone  was  reached  at  1,600  or 
1,600  feet.    No  addition  to  the  gas  was  derived  from  measures  below  the 


PBTBOLEUM  AND  NATUBAL  OAB.  395 

Berea  horizon.  The  pioneer  ealt-wells  of  the  state  were  located  at  Jack- 
eon  Court-house,  and  they  were  known  in  the  early  history  of  Ohio  as 
the  *'  Scioto  Salines."  The  salt-water  was  derived  from  the  Coal  Measure 
Conglomerate  which  often  makes  the  floor  and  the  walls  of  the  Salt 
Greek  valley  in  this  part  of  the  county.  The  salt- wells  were  all  shallow 
and  their  brine  was  weak  and  impure.  The  manufacture  served  a  good 
purpose  at  an  early  day,  but  it  soon  came  to  an  end.  No  deep  drilling 
has  been  done  in  th«  county  so  far  as  is  known,  except  the  single  well 
referred  to  above. 

PortsmoiUh  and  Sciotoville, 

Several  tests  of  the  rock  series,  for  gas  or  oil,  have  been  made  in 
Scioto  county  within  the  last  few  years.  A  well  was  drilled  at  Scioto- 
ville in  1875,  by  W.  Q.  Adams,  Esq.,  to  a  depth  of  800  feet  or  more,  and 
later  a  deep  well  was  drilled  at  Portsmouth,  also  by  Mr.  Adams.  The 
latter  test  was  quite  thorough,  as  far  as  it  went,  all  proper  conditions 
for  noting  gas  being  observed  in  the  drilling.  The  Sciotoville  well  was 
begun  near  the  summit  of  the  Cuyahoga  shale.  It  found  the  Berea  grit 
at  500  feet,  or  thereabouts,  and  obtained  a  moderate  flow  of  short-lived 
gas.  The  Portsmouth  well  was  drilled  in  1885.  It  was  begun  in  the 
Cuyahoga  shale,  and  near  the  base  of  this  stratum.  The  record  is  as 
follows  : 

Loam,  sand  and  gravel 70  feet 

Sandstone,  Bnena  Vista  stone 60  " 

Berea  shale,  black 80  " 

Berea  grit,  sandstone.. .' 60  *' 

Bedford  shale,  red 60  " 

Ohio  shale,  mainly  black 660  ** 

Lower  Helderberg,  Niagara  and  Clinton  limestones 676  " 

Medina  shale,  red 60  *' 

Hudson  River  shale  and  limestone 465  *' 

2,000  " 
From  samples  of  drillings,  obtained  at  885  feet  in  reaming  the  well, 
which  are  unmistakably  Waterlime  or  Lower  Helderberg,  it  is  judged 
that  the  Corniferous  limestone  is  still  excluded  from  the  section  by  the 
overlap  of  the  Ohio  shale.  The  limestone  was  found  full  of  salt-water, 
the  strongest  and  most  persistent  vein  being  struck  at  1,000  feet.  The 
casing  was  necessarily  set  deep,  viz.,  at  1,120  feet.  The  well  was  carried 
down  into  the  Hudson  River,  or  Cincinnati  group,  but  it  stopped  short 
of  the  Trenton.  No  gas-bearing  rocks  of  high-pressure  were  found  in 
the  descent,  though  more  or  less  gas  was  struck  in  every  stratum.  The 
well  is  to  be  drilled  1,000  feet  deeper  forthwith,  or  to  the  Trenton  lime- 
stone. 
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IrorUon. 

Ironton,  in  Lawrence  county,  has  been  especially  desirous  of  secur- 
ing the  new  fuel,  its  leading  business  interests  being  of  a  sort  that  are 
most  affected  by  the  use  of  natural  gas  in  other  fields.  A  very  thorough 
test  of  one  locality,  at  least,  has  been  made  by  the  Belfont  Iron  Works. 
This  company  has  been  engaged,  during  parts  of  the  last  three  years, 
in  drilling  to  a  depth  seldom  reached  in  such  explorations.  The  well 
was  begun  in  1886,  and  it  reached  a  depth  of  2,000  feet  in  that  year.  It 
is  now  being  carried  still  deeper.  Its  record  is  clear  and  unambiguous 
for  more  than  2,000  feet.  The  order  of  facts  brought  out  differs  in  some 
respects  from  what  would  have  been  expected  from  a  study  of  the  out- 
cropping formations.  On  this  account,  this  well  became  a  valuable  guide 
for  such  explorations  in  this  part  of  the  state.  It  was  begun  at  a  point 
145  feet  below  the  limestone  ore,  or  ferriferous  limestone  horizon,  and 
215  feet  below  the  Middle  Kittanning  or  Sheridan  coal.  A  carefully 
kept  record  was  preserved  by  the  company,  and  kindly  furnished  to  the 
Survey.  Since  this  well  has  been  drilled  to  the  Trenton  limestone, 
according  to  a  rather  halting  and  uncertain  determination,  it  has  been 
counted  proper  to  include  an  account  of  it  in  Chapter  III.  A  discus- 
sion of  the  facts  connected  with  it  is  to  be  found  on  page  304. 


H.    Dbbp  Wells  of  Meigs,  Gallia,  Athens  and  Washington 

Counties. 

P&meroy, 

Pomaroy  is  the  great  center  of  salt-production  in  the  Ohio  Valley 
and  a  great  number  of  wells  have  been  drilled  to  the  salt-water  horizon 
in  years  past.  The  Carboniferous  and  the  Logan  Conglomerate  seem  to 
be  united  in  one  great  mass  of  coarse  and  sometimes  pebbly  sandstone 
in  this  part  of  Ohio,  and  from  some  portion  of  this  compound  stratum 
the  brine  is  derived.  It  was  accompanied  with  a  considerable  amoun 
of  gas  in  early  days,  enough  in  many  cases  to  cause  the  water  to  flow 
from  the  well-head,  but  this  state  of  things  has  long  passed,  and  the 
pumps  are  obliged  to  reach  deeper  for  their  supply  as  time  goes  by. 
Traditions  of  a  deep-lying  and  valuable  coal  seam  have  been  kept  alive 
in  the  community  by  salt-well  drillers  from  an  early  day.  In  1885,  a 
hole  was  drilled  with  special  reference  to  determining  the  presence  of 
such  a  seam,  and  its  existence  was  definitely  disproved  by  the  record, 
at  least  at  the  point  where  the  drill  descended.  The  record  of  this 
drilling  was  furnished  by  F.  Dabney,  Esq.,  under  whose  direction  the 
work  went  forward.    The  depth  of  the  drilling  was  767  feet,  and  inas- 
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much  as  questions  of  the  same  character  may  be  raised  again,  the  record, 
which  is  verified  at  every  point  by  samples  carefully  preserved,  will  be 
printed  here : 

Beoard  of  a  Well  Bored  at  Pomeroy,  Ohio,  to  a  Dqpth  of  767.68  Feet  below  the  Pomeroy 

Coal  Seam. 

Jane  11, 1888.    Top  of  well  is  64.18  feet  below  the  Pomeroy  coal  seam,  and  681 
feet,  above  sea-level. 

27  feet  8  inches  of  clay,  then  18  inches  of  hard  sandstone. 

68  feet  9  inches^Ohanged  to  red  Boapstone,  29  feet  7  inches  thick. 

61  feet  7  inches—S  feet  11  inches  of  blae  sandy  shale. 

67  feet  4  inches— 6  feet  9  inches  of  red  aoapstone* 

72  feet  9  inches—Fire-clay,  6  feet  6  inches. 

87  feet  8  inches— Blue  sandstone,  14  feet  11  inches,  contains  much  pyrites. 

130  feet— Bed  soapatone,  42  feet  4  inches,  with  small  nodoles  of  limestone. 

133  feet— Hard  white  rock,  8  feet. 

188  feet  6  inches— Sandstone,  6  feet  6  inches;  at  184  feet,  nodale  red  iron-ore. 

178  feet  8  inches— Gray  shale,  89  feet  10  inches.    At  170  feet  shale  was  black. 

182  feet— Sandstone,  8  feet  9  inches. 

204  feet  6  inches— Shale,  22  feet  6  inches. 

219  feet  6  inches— Sandstone,  coarse,  16  feet    At  120  reduced  hole  from  4|  to  8}. 

221  feet  6  inches— Foesiliferoos  limestone,  2  inches,  very  hard. 

282  feet— Greenish  shale,  10  feet  6  inches. 

266  feet— Whitish  shale,  88  feet. 

267  feet— Hard  limestone,  2  feet. 

270  feet  11  inches— Gray  shale  or  fire-clay,  8  feet  11  inches. 

279  feet— Dark  shale,  8  feet  1  inch.    In  this  shale  a  few  inches  of  coal. 

280  feet  1  inch — Hard  red  iron-ore,  1  foot  1  inch. 

280  feet  1  inch— Dark  shale,  gritty,  9  feet  7  inches,  hard,  with  coal  streaks. 

296  feet— €^ray  shale,  6  feet  4  inches. 

800  feet— Sandstone,  6  feet. 

306  feet  1  inch— Bine  shale,  6  feet  1  inch. 

317  feet  7  inches— Coal,  1  foot  6  inches. 

816  feet  7  inches— White  soapstone  or  clay,  8  feet. 

867  feet  11  inches— Sandstone,  62  feet  4  inches.    Upper  part  fine  and  gray,  lower 

part  of  seam  coarse  and  white. 
377  feet  11  inches— Dark  shale,  10  feet 
882  feet  11  inches— Limestone,  6  feet 

441  feet— Sandstone,  white,  fine,  68  feet  1  inch.    Cnts  very  free;  4  feet  per  hour. 
446  feet— Limestone,  6  feet 
466  feet  8  inches— Goal,  a  thin  streak. 
466  feet  8  inches— Sandy  shale,  dark,  19  feet  8  inches. 
499  feet  2  inches— Brown  sandstone,  88  feet  11  inches. 
606  feet— Dark  bitnminons  shale,  6  feet  10  inches. 
516  feet— Gray  shale,  11  feet.    Streaks  of  coal. 
640  feet— Brown  sandstone,  24  feet 
660  feet— Gray  soapstone,  10  feet 
600  feet— Sandy  shale,  60  feet    At  times  sharp  grit 
611  feet— Bitaminons  shale,  11  feet    Thin  streaks  of  coal. 
621  feet  4  inches— Gray  shale,  10  feet  4  inches. 
684  feet— Sandstone,  pebbly,  62  feet  8  inches.    Very  hard. 
691  feet— Blue  shale,  7  feet    Bituminous. 
18  feet  6  inches— Sandstone. 


S98  OBOIiOOY  OF  OHIO. 

Oattipolia. 

A  county  town  in  Ohio  that  has  not  drilled  a  deep  well  during 
1888-7  is  a  rare  exception  to  the  general  rule.  Gallipolis  complied 
with  the  prevailing  fashion  and  made  an  unavailing  search  for  gas  or 
oil,  drilling  to  a  depth  of  nearly  3,000  feet.  The  record  has  not  been 
obtained,  but  it  is  understood  that  the  well  showed  no  features  different 
from  those  already  made  so  familiar  in  the  recent  explorations  of  southern 
Ohio. 

NeUonviUe. 

In  Athens  county  a  similar  state  of  things  exists  to  that  described 
in  Meigs.  Salt-wells,  by  the  score,  have  been  drilled  to  the  Logan  Con- 
glomerate, which  is  reached  at  Salina  in  the  Hocking  Valley,  at  a  depth 
of  570  feet  below  the  surface,  or  460  feet  belov^  the  Nelson ville  (Middle 
Kittanning)  coal.  A  well  is  now  in  progress  at  Nelsonville,  in  which 
deeper  horizons  have  been  reached.  It  has  not  been  found  possible  to 
obtain  a  reliable  record  of  the  well,  but  it  is  claimed  that  the  Berea  grit 
was  passed  here  in  a  normal  section  at  a  depth  of  about  950  feet,  which 
would  place  it  200  feet  or  more  below  tide.  It  contained  a  small  amount* 
of  gas,  but  no  value  has  been  developed  by  the  well  thus  far. 

Marietta. 

In  Washington  county  there  has  been  more  activity  in  drilling 
deep  wells  than  in  any  other  county  of  southern  Ohio,  at  least  outside 
of  Noble  county.  This  activity  has  been  inspired  by  the  great  success 
of  the  Macksburg  oil-field,  which  extends  into  Washington  county  in 
its  northern  townships.  The  search  for  gas  to  be  used  in  Marietta  has, 
in  particular,  been  earnest  and  resolute.  With  great  supplies  of  gas 
going  to  waste  all  around  them,  it  has  seemed  to  enterprising  citizens 
of  this  town  that  some  reservoir  must  be  available  at  hand,  and  accord- 
ingly the  drill  has  been  set  to  work  and  kept  at  work  at  numerous 
points  in  the  vicinity.  Several  wells  of  unusual  depth  have  been 
included  among  the  last  put  down.  The  order  of  the  strata,  as  far  as 
the  Macksburg  sand  or  Berea  grit,  is  now  as  well  settled  in  this  part  of 
the  state  as  the  routes  to  Pittsburgh  or  Cincinnati  by  the  Ohio  river, 
and  to  this  familiar  portion  of  the  record,  additions  have  recently  been 
made  of  1,200  or  more  feet  below  the  Berea  grit.  This  descent  is  all 
included  in  the  great  shale  series.  It  is  very  uniform  in  composition, 
varying  only  in  color  for  most  of  the  descent,  as  the  work  advances.  The 
hope  has  been  that  a  deeper  eil-sand  would  be  struck,  imbedded  in  these 
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shales.  There  would  be  nothing  to  occasion  surprise  in  such  a  result. 
The  Venango  sands  of  Pennsylvania  all  belong  below  the  horizon  of  the 
Berea  grit.  To  the  northward  we  are  sure  that  no  important  represen- 
tation of  these  elsewhere  prolific  beds  exists.  The  shale  series  is  abso- 
lutely unbroken,  so  far  as  the  interruption  of  conglomerates  or  even 
sandstones  is  concerned,  but  it  may  very  well  prove  different  in  the 
Ohio  Valley.  Recent  explorations  southwest  of  Pittsburgh  have  shown 
important  stocks  of  oil  and  gas  in  the  Gordon  sand,  300  feet  below  the 
Oantz  sand,  the  latter  of  which  is  probably  the  equivalent  of  the  Berea 
grit.  Mr.  Benjamin  T.  Nye  has  found  on  the  West  Virginia  side  of  the 
river  a  thin  sandstone  with  a  trace  of  oil  at  a  depth  of  about  300  feet 
below  the  Macksburg  sand.  In  a  well  recently  drilled  by  Mr.  Nye  on 
the  Ohio  side,  with  especial  reference  to  these  possibly  deeper  sands,  the 
record  of  which,  with  accompanying  samples,  was  kept  with  great  care, 
neither  oil  nor  gas  was  found  of  any  value  at  these  great  depths,  but 
several  thin  sandstone  beds  occur  in  the  uppermost  300  feet  of  the  Ohio 
shale.  In  the  lowermost  750  feet  the  records  shows  the  shale  to  be 
unbroken.. 

The  record  of  Cherry  Farm  well.  No.  2,  drilled  to  the  Macksburg 
sand,  is  given  below,  and  this  will  be  followed  by  the  record  of  the  Rake 
well  last  described,  in  which  the  section  is  continued  from  the  Macks- 
burg sand  downwards  for  1,259  feet  without  reaching  the  bottom  of  the 
shale. 

Log  of  Wdl  of  Marietta  Oat  Co.,  No.  2,  Cherry  Farm. 

20  feet  Mad  and  clay 20  feet 

4  "  Gravel 24  '  " 

6  "  Bed  mud 80  " 

20  "  Limestone   60  " 

16  "  Redsand 66  " 

86  "  Slate 160  " 

20  "  Red  sand 170  " 

96  "  Bedrock 266  " 

86  "  Whitesand 800  " 

100  "  Bedrock 400  " 

20  "  White  slate 420  " 

160  "  Red  rock  and  slate 670  " 

80  *•  Red  sand 600  " 

10  "  Redmud- 610  " 

10  "  Gray  sand 620  ** 

20  "  Black  slate .,  640  " 

80  "  White  sand 670  " 

16  "  Slate 686  " 

80  "  Sand 766  *' 

106  "  Slate -  870  " 

80  "  Sand «  900  " 
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6  feet.  Slate -  906  feet 

15  "  Blue  sand 920  " 

6  «  Goal 926  « 

26  "  Slate -  960  " 

70  "  Black  and  blue  sand 1,020  •* 

66  "  Slate -  1,076  " 

76  **  Sand 1,160  " 

235  «  Salt  sand 1,886  " 

20  "  Dark-gray  sand I,4e6  " 

10  "  Slate    \rP«^oK««aaK«l-.^i M15  " 

285  «  Shale    |  (Cuyahoga  ahale)  | ^^^j^^  u 

66  ''  Black  shale  (Berea  shale) .1,765  " 

6  "  Sand,  Macksburg  (Berea  grit) 1,760  " 

20  "  Shale  and  gray  slate 1,780  " 


1,780    " 

Log  of  Bake  WeU— Commenced  DriUing  March  18,  1886. 

Feet. 

Top  of  Macksburg  sand 1,681 

Bottom  of  Macksburg  sand 1,685 

Light  slate  and  shells 1,713 

Blue  shale  with  slight  changes  in  color. 

Hard  sand 1,939 

Soft  brown  sand  1,948 

Slate  and  shells 2,042 

Slate,  no  shells  2,068 

Slate  and  shells 2,080 

Brown  sand 2,086 

Sand  and  slate 2,090 

Brown  sand 2,096 

Light  slate 2,116 

Slate  and  sand 2,120 

Slate  and  sand 2,130 

Slate 2,140 

Slate  and  sand 2,168 

Light  slate 2,176 

Slate -  2,180 

Slate  and  sand 2,188 

Slate 2,196 

Light  sUte 2,210 

Dark  slate 2,287 

Light  slate 2,285 

Dark  slate 2,326 

Light  slate 2,406 

Slate  and  sand 2,416 

Slate 2,486 

Slate  and  sand 2,496 

Slate 2,610 

Soft  slate -  2,665 

Slate 2,720 

Slate  and  shells- 2,730 

Slate 2,846 

Black  slate 2,940 

Thicknees  of  Ohio  shale  penetrated  in  the  well  1,269. 


PETBOLEUM  AND  KATUBAL  GAS.  401 

A  well  drilled  at  Belpre  in  1886  foand  the  Berea  grit  67  feet  thick, 
with  4  feet  of  gray  shale  in  the  middle.  The  stratum  was  reache  i  at  1,538 
feet,  or  1,407  below  the  Pittsburgh  coal.  Another  sand-rock,  10  feet 
thick,  is  reported  at  a  depth  of  1,740  feet.  This  would  be  near  the  place 
of  the  Gordon  sand  of  Pennsylvania. 


^G.    Deep  Wells  of  Trumbull,  Mahoning,  Columbiana  and 
Belmont  Counties. 

The  deep  drilling  dono  in  Berea  grit  territory  in  parti^  of  the  state 
not  yet  reviewed  will  be  described  in  the  present  section.  The  counties 
named  above  constitute,  with  Jefferson,  a  belt  upon  the  eastern  border 
of  the  state,  but  the  wells  of  Jefferson  county  have  already  been  described 
in  another  connection^ 

NUes, 

In  Trumbull  county,  quite  a  lar^e  amount  of  drilling  has  been  done 
outside  of  the  Mecca  Field,  but  no  wells,  so  far  as  is  known,  have  been 
sunk  to  great  depths.  At  Niies  a  large  volume  of  gas  was  struck  in 
1861,  in  a  well  dfilled  for  oil  on  the  Ward  property,  within  the  limits  of 
the  town.  According  to  tradition  the  flow  was  reached  at  640  feet  in 
depth.  The  gas  is  said  to  have  burned  in  a  flame  sixty  feet  high,  but 
inasmuch  as  the  well  was  presently  sunk  deeper,  it  seems  fair  to  con- 
clude that  the  supply  was  derived  from  a  blower  in  the  shale,  and  not 
from  any  sandstone  reservoir.  The  well  was  drilled  to  900  feet,  but  soon 
became  choked,  and  the  gas  mainly  disappeared,  owing,  it  Is  said,  to 
the  mismanagement  of  the  well.  Another  well  was  subsequently  drilled 
in  the  same  vicinity  to  a  depth  of  780  feet,  wherQ  it  was  abandoned  on 
account  of  the  tools  becoming  fast.  The  gas  found  at  610  feet,  in  well 
No.  1,  came  from  considerably  below  the  Berea  grit,  which  should  be 
found  here  at  not  more  than  200  feet  below  the  surface. 

Oil  is  reported  to  have  been  recently  struck  on  theuouth  side  of  the 
county  in  a  shallow  well  drilled  to  the  Mecca  horison.  The  occurrence 
of  oil  at  Mecca  is  not  clearly  explained,  it  is  true,  but  it  would  be  sur- 
prising if  Mecca  should  be  found  to  be  the  only  locality  in  the  region 
where  such  accumulation  has  taken  place.  The  discovery  of  other  fields 
of  the  same  general  character,  in  other  words,  is  rather  to  be  expected. 
At  least  such  discovery  can  occasion  no  surprise.  No  persistent  high- 
pressure  gas  has  yet  been  found  in  Trumbull  county. 

26       G. 
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YoungsUmn. 

In  Mahoning  county  an  expensive  and  persistent  search  for  natural 
gas  has  been  maintained  since  the  value  of  the  i.ew  fuel  in  iron-working 
was  first  made  apparent.  The  Wick  Brothers  drilled,  in  1875.  at  their 
Valley  Mill,  in  Youngstown,  to  a  depth  of  2,480  feet,  the  last  eighty  feet 
of  the  drilling  being  in  black  slate.  The  top  of  the  great  shale  series 
was  struck  at  about  200  feet,  and  consequently  the  interval  between  the 
Berea  grit  and  the  Devonian  limestone  in  this  region,  or  in  other  words, 
the  interval  occupied  by  the  shales,  must  exceed  2/^80  feet.  These 
figures  coi'respond  with  ill  others  obtained  from  the  same  series  on  the 
eastern  border  of  Ohio.  The  entire  interval  has  not,  in  fact,  been 
measured  here  as  yet. 

Within  the  last  year  several  other  attempts  have  been  made  to  find 
gas  near  Youngstown.  A  well  was  drilled  by  the  Furnace  Company  at 
Haselton  in  the  summer  of  188C,  the  record  of  which  is  given  herewith : 

Drift.. «0  feet 

Shales,  soft,  gray,  blue  flag,  shelly  rock,  gray  shale,  black  shale 146    " 

Sand  at  206  feet,  and  conUnuing  160  feet,  with  a  thin  bed  of  shale  interstratifled 
aboat  half-way  down. 

When  the  horizon  of  the  well-head  is  considered,  tha  record  above 
given  needs  no  interpretation.  The  Cuyahoga  and  B^rea  shales  make 
the  146  feet  of  bed  rock  reached  first  below  the  drift.  The  Berea  has  an 
unusual  thickness  here,  as  compared  with  its  measures  to  the  north- 
westward, but  it  is  taking  a  phase  that  is  persistent  to  the  eastward. 
We  find  few  measurements  in  this  direction  of  less  than  75  or  100  feet, 
and  it  is  not  uncommon  to  get  twice  these  amounts  in  a  section. 

Gas  was  found  in  the  Cuyahoga  shale  in  small  quantity  at  several 
horizons,  viz.,  at  152,  191  and  230  feet.  The  last  came  from  the  Berea 
grit,  and  the  volume  was  respectable,  but  unfortunately  salt-water  was 
unlocked  with  the  gas,  and  it  was  found  impossible  to  separate  these 
incongruous  elements.  Consequently,  no  value  was  developed  by  the 
drilling,  but  it  is  to  be  noted  with  surprise  that  the  drill  was  allowed  to 
stop,  for  once,  when  the  only  horizon  of  promise  was  passed.  It  is  very 
rarely  that  judgment  can  be  brought  to  bear  in  a  problem  of  this  kind. 
The  temptation  to  sink  further  when  the  gas  or  oil-rock  are  found 
unproductive,  especially  if  they  are  reached  at  shallow  depths,  is 
generally  too  strong  to  be  resisted. 

During  the  same  year  Messrs.  George  M.  McKelvey  and  Company 
drilled  a  deep  well  on  the  Reywight  farm,  three  miles  southwest  of 
Youngstown.  The  drflling  was  caorried  ofi  under  the  direction  of  Mr. 
C.  B.  Brainard,  who  has  furnished  an  excellent  record  well  supported  by 
samples  of  drillings  to  the  Survey.    It  is  as  follows : 
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Drifts 84  feet 

Slate 6  '• 

Sand-rock  (Sharon  Conglomerate)  ^ 146  ** 

Slate,  black  at  bottom  (Cayahoga  and  Berea) 199  ** 

Hard  rock 25  feet.) 

Slate 63    "     [  Berea  grit.. 160  " 

Sharp  sandstone.. 73    "     J 

Gas  was  fonnd  at 4d6,  448  and  512  " 

Salt-water  at.. 637  " 

The  shale  that  overlies  the  twenty-five  feet  of  hard  rock  is  distinctly 
black  shale,  and  is  counted  the  Berea  shale.  The  fifty-two  feet  of  shale 
that  is  represented  as  interpolated  in  the  Berea  grit  in  the  table  above 
is  a  blue  shale  of  ordinary  character.  Another  division  of  the  elements 
is  possible,  viz.,  the  reference  of  the  hard  rock  and  slate  to  Cuyahoga, 
and  the  placing  of  the  seventy- three  feet  of  sharp  sand  alone  under  the 
bead  of  the  Berea  grit,  but^the  great  thickness  apparently  found  for  the 
Berea  in  the  precedins;  record,  together  with  the  facts  noted  above,  lead 
to  the  present  assignment.  The  great  shale  series  begiiy  in  the  well  at 
585  feet,  and  continues  with  many  changes  of  color  to  2,075  feet,  where 
the  drill  rested.  The  well  is  not  nearly  as  deep  in  the  shales,  it  will  be 
seen,  as  the  Wick  Brothers'  well  drilled  in  1875.  The  drill  has  penetrated 
only  1,495  feet  of  shale  in  this  well,  against  2,280  feet  in  the  former.  The 
drillings  from  1,900  feet  downward  are  quite  calcareous.  At  the  bottom 
of  the  well  they  may  almost  be  styled  a  poor  limestone.  The  surface  of 
the  Berea  grit  in  the  McEelvey  well  was  about  628  feet  above  tide.  In 
the  Haselton  well  it  appears  to  be  669  feet  above  tide.  Neither  gas  nor 
oil  in  quantity  deserving  mention  was  obtained  from  the  McEelvey  well. 

Salem. 

In  Columbiana  county  considerable  drilling  has  been  going  forward 
for  the  last  twenty-five  years,  and  several  important  tests  of  the  rocks 
have  recently  been  made.  A  well  was  drilled  to  the  Berea  grit  in  Salem 
in  April,  1886,  the  record  of  which  is  given  herewith : 

8urface(?) 113  to  118  feet 

Coal.. 2 to  116  " 

Slate.. 85  to  200  " 

Sandstone 26  to  225  " 

Slate,  reddish 15  to  240  *• 

Sandstone 12  to  262  « 

Slate.. 12  to  264  " 

Sandstone 63  to  817  " 

Coal 5  to  322  " 

Slate 10  to  382  « 

Sandstone,  gray 20  to  362  ** 
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Slate : 70  to  422  feet. 

Sandstone,  white. 28  to  450    " 

Slate,  black 102  to  662    " 

Slate,  light.. ^ (?)263  to  806(?)" 

Sandstone  (Berea)  strack  at  aboat.. 810    '' 

The  interpretation  of  the  record  is  obvious.  The  Cuyahoga  is  seen 
to  be  about  350  feet  thick.  The  thickness  of  the  Berea  is  not  stated, 
but  it  is  small.  It  yielded  neither  gas  nor  oil.  The  well  was  drilled 
considerably  deeper  without  results. 

New  Lisbon. 

At  New  Lisbon  there  are  salt-works  that  have  been  in  operation 
for  a  number  of  years.  To  obtain  a  supply  of  brine  for  these  works, 
several  wells  have  been  sunk  to  the  Conglomerate,  which  has  proved  to 
be  the  source  of  salt-water  for  this  region.  More  recently,  deep-wells 
have  been  drilled  with  reference  to  gas- production.  In  this  search  the 
Berea  grit  and  Ohio  shale  have  both  been  tested.  One  well  was  sunk,  in 
1885,  to  a  depth  of  1,370  feet,  the  record  of  which  shows  the  Berea  grit 
to  have  been  found  at  a  depth  of  556  feet  below  the  level  of  the  valley, 
or  about  323  feet  below  tide-water.  Gas  was  found  in  the  lower  division 
of  the  Berea  grit,  at  a  depth  of  about  GOO  feet  from  the  surface.  The 
record  of  this  well  has  been  given  on  a  preceding  page  (page  322). 

Another  record  from  the  same  locality  shows  the  gas-sand  to  have 
been  struck  at  610  feet,  and  to  have  been  passed  at  628  feet.  This  well 
was  sunk  to  1 ,350  feet.    Below  the  gas  rock  the  order  is  as  follows : 

Slate 10  feet 

Salt-water  sand,  soft 20    " 

Slate 70    " 

Bedrock 90    " 

Slate,  to  the  bottom  of  the  well 632    " 

This  seems  to  be  about  the  normal  section  in  Columbiana  county. 
It  can  be  generalized  thus  : 

CayahoKa  ahale 900 

Berea  shale 25 

Berea  grit,  of^n  separated  into  two  or  more  sheets.. 40  to  150 

Bedford  shale,  blue.. 70 

Bedford  shale,  red 70 

Martinis  Ferry, 

Gas  has  been  found  in  moderate  volume  in  some  of  the  later  welle 
of  New  Lisbon,  and  the  work  of  exploration  is  still  going  forward. 

JefTerson  county  comes  next  in  the  line,  but  its  search  for  gas  has 
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already  been  described  (page  330).  It  only  remains,  then,  to  give  a  brief 
account  of  the  deep  drilling  in  Belmont  county  within  the  last  few 
years.  Numerous  wells  have  been  drilled  through  all  this  portion  of 
the  Ohio  Valley,  and  notably  at  Martin's  Ferry  and  Bellaire.  None  of 
these  wells  have  been  successful.  The  record  of  the  Laughlin  well,  at 
Martin's  Ferry,  as  furnished  by  Mr.  J.  C.  Weston,  the  contractor,  is 
given  below : 

Depth.       Thickness* 

Black  slute 240  feet       60  feet 

Gray  sand 290    "  60    " 

White  Band 840    «  60    " 

Black  Blate 400    «  12    « 

Gray  Band  and  first  gas,  Balt-waCer 412    "  14    *' 

Coal,  impare ♦ 426    «  12    " 

Shell,  salt-water  and  gflB 438    "  7    « 

Shale 446    "  25    " 

Shell 460    "  6    •* 

Coal,good 480    "  6    " 

White  Band -      486    "         146    « 

Black  Blate 680    "  20    " 

White  Blate 650    "  10    " 

White  Band 660    «         170    " 

Dark-gray  sand,  cased  at  880 830    '*  10    '* 

Limestone .,      846    "         485    " 

Sand,  oil  and  gas  at  966 855    "         280    " 

Black  Bhale. ..1,136    "         180    " 

Sandahell -1,266    "  12    •' 

Black  Blate 1,277    "         268    " 

Black  Band 1,680    •*         130    " 

Slate  and  BhellB 1,690    "  65    " 

Bedrock 1,610    "  20    " 

Black  Blate 1,686    "  26    " 

Slate  and  ahellB 1,645    "  10    " 

Shell 1,645    «*  10    " 

Blue  sand '. 1,660    «*  8    " 

Bedrock 1,660    •*  10    " 

Black  Blate.... 1,670    "  10    " 

Shell 1,676    "  5    " 

Black  Blate 2,096    "         421    " 

Shell 2,186    "  10    " 

Black  Blate 2,800    "         164    " 

The  record  can  be  interpreted  with  but  little  difficulty,  the  Sub- 
Carboniferous  limestone,  which  was  found  at  a  depth  of  845  feet,  prov- 
ing a  great  help  in  this  work  of  classification.  It  thus  appears  that  the 
Coal  Measures  in  their  several  <ii visions  extend  to  845  feet,  the  Con- 
glomerate sandstone  of  this  system  being  represented  in  the  170  feet  of 
white  sand  included  between  160  and  830  feet.  The  Logan  sandstone 
and  Conglomerate,  which  is  the  salt-water  sand  of  Ohio,  is  seen  in  full 
thickness,  is  the  280  feet  of  rock  that  extend  from  855  to  1,135  feet.    The 
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Cuyahoga  shale,  split  in  two  sections,  as  is  often  the  case,  by  interstrati- 
fied  sandy  belts,  is  shown  in  the  two  belts  of  black  shale  of  130  and  258 
feet  (123  in  the  record)  respectively,  that  come  in  below  1,135  feet.  (The 
record  is  seen  to  be  erroneous  in  the  enumeration  of  the  element  of  the 
shale,  and  is  amended  so  as  to  make  the  figures  harmonious).  The 
Berea  shale  is  included  in  the  black  shale,  by  which  the  Cuyahoga  is 
described.  The  Berea  grit  is  the  130  feet  of  black  sand  that  comes  next 
below.  The  Bedford  shale  is  seen  in  the  sixty-five  feet  of  slate  and 
shells  that  underlie  it  and  in  the  twenty  feet  of  red  rock  that  appear 
next  in  the  record.  The  alternations  that  follow  to  2,300  feet  are  rather 
more  numerous  and  varied  than  is  common  in  the  Ohio  shale  to  the 
northward,  but  taken  as  a  whole,  the  series  is  unmistakable,  620  feet  of 
the  673  feet  in  this  interval  being  referred  by  the  driller  to  black  shale. 

BeUaire. 

The  Wallace  well  was  drilled  in  1885,  two  miles  above  BeUaire.  A 
skeleton  section  of  it  is  as  follows : 

Depth.       Thickness. 

White  sand 600  feet.       25  feet 

White  sand  with  salt-water - 700    "  85    " 

White  sand  with  large  amount  of  salt-water 820    *'         360    '' 

Bottom  of  great  sand ;. 1,180    " 

Interval  composed  of  slate,  shells  and  sand ^     450    ** 

The  Wellsbnrg  sand-rock  or  Berea  grit 1,650    " 

A  small  amount  of  gas  was  produced  by  the  rock,  but  for  all  large 
.  uses  the  well  was  a  failure. 

A  well  was  drilled  soon  afterward  below  the  town  to  a  depth  of  2,700 
feet.  There  was  no  sand-rock  f.und  below  1,650  feet,  but  the  statement 
i«  made  by  the  driller,  that  from  1,900  feet  downwards,  bands  of  red 
shale  occurred,  50  to  60  feet  in  thickness.  A  similar  section  is  reported 
from  the  same  depth  in  a  well  back  of  Wheeling. 

CONCLUSION. 

The  counties  of  the  state  in  which  the  Berea  grit  constitutes  an 
element  in  the  geological  scale,  have  now  been  passed  in  review,  and 
the  results  of  recent  drilling  in  them  have  been  placed  on  record,  with 
the  following  exceptions,  viz.:  Geauga,  Portage,  Carroll,  Harrison,  Mon- 
roe and  Pike.  In  all  of  these,  excepting  the  last,  the  omission  from  the 
previous  records  results,  not  necessarily  from  failure  on  their  part  to 
make  the  tests,  but  rathf  r  from  the  failure  on  the  part  of  the  Survey  to 
obtain  the  facts  developed  by  the  drilling  done  in  them.  As  far  as 
known,  the  results  are,  in   no  respects,  more  favorable  than  in  the 
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counties  already  reported.     There  is  nothing  in  them  to  break  the 
record  of  failure  that  fills  the  preceding  pages. 

It  is  quite  likely  that  some  of  ^hese  counties,  especially  Harrison 
and  Monroe,  deserve  to  be  tested  still  further  in  respect  to  gas  and  oil 
supplies.  It  is  believed  that  light  folds  of  the  strata  traverse  one  or 
both  of  them,  on  which  some  probability,  or  at  least  possibility,  of  pro- 
duction might  well  enough  be  based. 

The  accounts  that  have  been  given  do  not,  by  any  means,  exhaust 
the  list  of  the  tests  that  have  been  made  in  eastern  Ohio  during  the 
last  three  years.  The  reports  thus  far  presented  are  designed  to  be  rep- 
resentative, rather  than  complete.  As  far  as  possible,  the  experimental 
drilling  of  the  leading  towns  has  been  reported.  Scores,  and,  perhaps, 
hundreds  of  wells  have  been  passed  without  notice  in  this  account,  but 
while  every  record,  if  carefully  studied,  will  doubtless  furnish  new  and 
interesting  facts,  it  is  not  likely  that  any  large  results  haveheen  missed. 

The  facts  that  have  now  been  presentedrare  undeniably  discourag- 
ing as  to  the  presence  of  valuable,  and,  at  the  same  time,  wide-spread 
accumulations  of  gas  and  oil  throughout  central  Ohio. 

'  The  main  reliance  of  this  part  of  the  state  must  be  placed  on  the 
Berea  grit,  as  has  been  already  demonstrated,  and  this  stratum  has 
failed,  in  the  large  way,  to  meet  the  demand  that  has  been  thus  placed 
upon  it 

It  is  nowhere  wanting  in  the  source  of  gas.  A  supply  adequate  to 
all  demands  is  to  be  found  in  the  great  series  of  Ohio  shales,  500  to 
2,500  feet  in  thickness,  which  everywhere  underlie  the  Berea  grit. 
Neither  does  this  stratum  lack  the  porosity  which  is  essential  to  the 
storage  in  it  of  gas  and  oil.  It  is,  however,  often  thin,  and  sometimes 
it  becomes  too  fine-grained  or  close,  to  serve  a  good  purpose  as  a  reservoir. 
The  general  porosity  of  the  rock  is,  however,  abundantly  attested  by  the 
presence  of  salt-water  in  it  to  so  large  an  extent.  Again,  the  Berea  grit 
never  lacks  the  good  cover  necessary  to  oil  and  g&a  production.  The 
shale  series  overlying  it  meets  all  demands  in  this  respect.  What,  then, 
is  wanting  to  make  the-seties  k  source  of  large  production  ?  The  answer 
is  brief.  It  lacks  proper  structural  conditions.  The  series  of  strata 
within  which  it  is  included  is  found  to  be  wanting  in  due  relief.  The 
Berea  grit  descends  uniformly  from  its  outcrops  to  its  deepest  stations 
in  the  state,  nnd  in  this  prolonged  slope  there  are  no  sdch  interruptions 
as  are  necessary  to  the  accumulation  of  oil  and  gas.  Some  arches  and 
terraces  there  are,  but  they  are  overrun  by  salt-water  very  soon  after 
they  are  penetrated  by  the  drill. 

What,  then,  are  the  prospects  of  eastern  Ohio  for  natural  gas  ?  There 
is  no  mistaking  the  answer  given  by  the  drrtl.    It  has  beeti  constantly 
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kept  at  work  for  the  last  three  years*  A  geological  survey,  of  a  very  ex- 
pensive sort,  has  been  in  progress.  At  the  lowest  calculation,  $500,000 
have  been  spent  upon  it  in  eastern  Ohio  since  1884.  With  what  result  ? 
Aside  from  the  Macksburg  field,  the  returno  for  all  this  outlay  are  insig- 
nificant. For  far  the  larger  number  of  instances  there  is  nothing  what- 
ever, to  be  placed  to  the  credit  side  of  the  account. 

What  has  been  will  be.  The  discovery  at  any  time  of  small  pro- 
ductive fields,  like  Macksburg,  within  the  large  territory  now  under 
consideration,  should  occasion  no  surprise.  Such  discoveries  are,  in 
fact,  to  be  Expected.  But  the  ground  has  already  been  so  widely  tested, 
that  it  is  8§fe  to  say  that  such  discoveries  must  be  confined  within  quite 
narrow  limits.  It  does  nol  seem  probable  that  any  of  these  productive 
tracts  lie  within  easy  striking  distance  of  the  towns  and  cities  that  so 
greatly  need  and  desire  an  abundant  supply  of  natural  gas. 

A  few  statements  need  to  be  made  in  -regard  to  the  composition  of 
the  gas  from  the  Berea  grit. 

On  page  135,  the  analyses  of  Pittsburgh  gas  made  by  Mr.  S.  A.  Ford, 
are  given  and  discussed.  The  remarkable  character  of  the  analyses  was 
noted,  but  not  questioned.  It  was  supposed  that  so  anomalous  and  sur- 
prising results  would  not  have  been  published  unless  they  had  been 
established  beyond  all  question.  This  conclusion  has  proved  to  have 
been  %  mistaken  one. 

The  subject  of  the  composition  of  natural  gas  from  the  various  hori- 
zons of  western  Pennsylvania,  has  b^en  more  recently  investigated  by 
Professor  Francis  C.  Phillips,  of  the  Western  University,  Allegheny,  for 
the  Geological  Survey  of  Pennsylvania.  This  report  has  been  published 
in  the  American  Manufacturer,  in  advance  of  the  Annual  Report  of  the 
Survey,  and  has  thus  become  available  for  use.  The  investigation  ap- 
pears to  have  been  carried  on  in  accordance  with  the  best  methods 
known  to  science,  and  the  report  bears  upon  its  face  the  marks  of  the 
most  scrupulous  care  and  the  most  conscientious  painstaking. 

The  anomalous  features  of  the  results  before  announced  all  disappear, 
and  Pittsburgh  gas  is  seen  to  be  a  steady  and  self-consistent  product. 
It  agrees,  very  closely,  in  composition  with  Findlay  gas,  as  determined 
by  Professor  Howard,  two  years  siace.  Both  contain  about  90  per  cent, 
of  hydro-carbons.  The  main  difference  is  in  the  presence  of  a  small 
amount  of  sulphuretted  hydrogen  in  one,  and  its  absence  from  the  other. 
The  subject  cannot  be  lurtber  diFcuesed  here,  but  we  are  sure  that  the 
gas  of  the  Berea  grit,  and,  also,  of  the  underlying  shales  in  Ohio,  will 
show  the  same  general  constitution  that  is  reported  by  Professor  Phil- 
lips, from  western  Pennsj  Ivania.  A  few  of  his  analyses  are  herewith 
given.    In  them  we  see,  for  the  first  time,  the  true  constitution  of  the 
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natural  gas  of  the  most  famous  fields  of  the  country.    The  analysis  of 
the  shale  gas  of  Fredonia,  N.  Y.,  is  added  to  the  list : 


Oonstitaento. 


Nitrogen 

Garbon  dioxide 

Hydrogen 

Oxygen 

Salphnretted  hydrogen 
Paraffins ' 


a; 


9.06 
030 
0.00 
Trace. 
0.00 
90.64 


s 


9.79 
020 
000 
Trace. 
0.00 
90.01 


8 


9.41 
0.21 
0.00 
Trace. 
000 
90.38 


§1 


2.02 
0.28 
0.00 
Trace. 
0.00 
97.30 


.2 
§ 


9.64 
0.41 
0.00 

Trace. 
0.00 

90.06 


ch:a.i>ter  v. 

THE  OHIO  SHALE  AS  A  SOURCE  OF  OIL  AND  GaS  IN  OHIO. 


By  Edwabd  Orton. 


The  most  widely  extended  and  the  best  known  source  of  natural 
gas  in  the  state,  but  not  the  most  valuable,  remains  to  be  considered, 
viz.,  the  Ohio  shale.  This  complex  formation  has  already  been  de- 
scribed at  some  length  in  Chapter  I,  and  frequent  reference  to  it  has 
been  necessary  in  the  chapter  on  the  Berea  grit. 

There  are  two  main  areas  of  the  Ohio  shale  in  the  state,  the  prin- 
cipal one  entering  from  ihjd  east  along  the  shore  of  Lake  Erie,  and 
forming  the  border  of  the  lake  as  far  west  as  Sandusky,  with  a  breadth 
varying  from  ten  to  thirty  miles.  From  Sandusky  the  formation 
stretches  southward  with  about  the  same  breadth  of  outcrop  as  already 
described  in  a  direction  slightly  west  of  south,  to  the  Ohio  Valley.  The 
two  areas  occupy  four  or  five  counties,  in  whole  or  in  part,  in  the  ex- 
treme northwestern  corner  of  the  state,  but  these  counties  are  heavily 
covered  with  drift,  and  consequently  but  little  is  known  of  the  under- 
lying shale  formation,  and  its  influence  upon  the  surface  is  reduced  to 
a  minimum.  There  is  a  third  small  area  in  Logan  county,  occupying 
the  highest  land  of  the  state.  There  are,  of  course,  numerous  outliers, 
small  and  great,  along  the  western  margin  of  the  largest  area,  which 
are  counted  with  it.  All  of  these  are  shown  on  the  accompanying 
sketch  map. 

The  first  of  these  divisions,  whose  northern  and  western  edges  have 
now  been  traced,  is  coextensive,  in  outcrop  and  under  cover,  with  the 
limits  of  eastern  Ohio,  and  indeed  it  stretches  far  beyond  these  bounda- 
ries into  adjacent  states. 

The  shale  formation  is  thinnest  to  the  southwestward.  In  High- 
land and  Adams  countied,  included  sections  are  found  which  do  not 
exceed  250  feet  in  thickness.  In  Ross  and  Pike  counties,  the  measure 
becomes  a  hundred  feet  greater,  and  still  further  to  the  eastward  a  rapid 
expansion  is  found.  These  facts  are  illustrated,  in  part,  in  the  sec- 
tion of  the  preceeding  chapter  in  which  the  rocks  between  Columbus 
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and  Bellaire  are  represented.  The  series  g&ins  somewhat  in  volume  also 
to  the  southward,  but  in  the  first  included  sections  east  of  the  limestone 
belt  in  northern  Ohio,  it  is  not  more  than  600  to  800  feet  thick.  What  the 
volume  of  the  shales  originally  was  in  northwestern  Ohio,  it  is  im- 
possible to  say.  We  do  not  now  find  more  than  200  feet  of  the  shales  in 
any  of  the  sections  that  remain,  but  it  must  be  borne  in  mind  that  this 
quarter  of  Ohio  has  been  especially  exposed  to  glacial  denudation,  and 
that  this  formation  in  particular  has  little  resisting  power.  The  enor- 
mous quantity  of  the  shale  that  is  found  in  the  bowlder  clay  that  covers 
the  western  half  of  the  state  in  particular,  illustrates  in  a  striking 
manner  the  great  amount  of  waste  which  the  shales  have  sufiered  from 
this  agency. 

From  the  eastern  border  of  the  limestones  the  shales  thicken  very 
rapidly  to  the  east  and  southeast.  This  is  represented  in  the  section 
from  Eiyria  to  Akron  which  appears  in  the  preceeding  chapter,  page  338. 

The  limestone  is  seen  to  descend  to  the  southeast,  while  the  Berea 
grit  inclines  in  the  opposite  direction. 

The  interval  between  the  Berea  grit  and  the  Upper  Helderberg 
limestone  at  Eiyria  is  800  feet,  while  at  Akron  the  same  interval  is 
1,862  feet.  This  important  feature  in  the  structure  of  this  part  of  the 
state  has  already  been  discussed  in  Chapter  I,  under  the  head  of  the 
Akron  axis,  page  57,  but  the  fact  to  be  noted  here  is  the  rapid  increase 
of  the  shales  in  a  southeasterly  direction.  The  interval  between  the 
horizons  named  above  at  other  points  in  the  state  are  given  below.  The 
points  along  the  western  margin  where  the  measurements  are  smallest 
are  named  in  the  first  column,  but  even  here  there  are  some  localities 
as  Mt.  Vernon,  that  are  far  removed  from  the  margin  of  the  formation. 


Intervalt  between  Berea  grit  and  Upper  Helderberg  Lime$ione» 


Elvria 800  feet. 

Wellington 920  " 

Plymouth 648  " 

Crestline 1508  " 

Shelby 667  " 

Wooeter 1,345  " 

Mansfield  640  " 

Mt.  Vernon 867  " 

Newark 890  " 


Lancaster 630  feet. 

Marshall,  Highland  coiinty...      250  ** 

Berea 1.250  " 

Cleveland 1,400  « 

Akron 1,862  " 

MassiUon  -  1,860  ** 

Canal  Dover,  exceeds 1,870  *' 

East  Liverpool  exceeds 2«400  " 

Wellsville,  exceeds 2,600  " 


From  central  Ohio  eastward  the  drill  has  never  gone  deep  enough 
to  find  the  bottom  of  the  Ohio  shales.  In  Washington  county,  as  has 
been  shown  in  the  record  of  the  Rake  well,  at  1,259  feet  below  the 
Macksburg  sand,  the  drill  was  still  in  unbroken  shale.  It  is  probable 
'we  need  to  go  down  at  least  1,200  feet  further  to  find  the  limestone  floor. 

The  limestone  has  been  reached  at  various  points  on  the  shore  of 
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Lake  Erie,  among  which  may  be  named  Elyria,  Cleveland,  Erie  and 
North  East,  Pennsylvania,  and  Fredonia,  New  York.  It  rises  to  the 
surface  again  near  Buffalo. 

The  thickness  of  the  shale  is  seen,  from  the  statements  here  given, 
to  be  altogether  a  question  of  geography.  On  the  western  border  of  the 
main  area  it  ranges  from  250  to  650  feet  in  thickness,  while  to  the  east 
and  south  it  strengthens,  rapidly  reaching  a  total  of  1,200,  1,800.  2,400, 
and  even  2,600  feet,  and  in  the  two  last  cases,  which  are  in  the  Ohio 
Valley,  the  series  is  still  unexhausted. 

The  composition  of  the  series,  so  far  as  the  alternating  bands  of 
black,  gray,  blue  and  greenish-blue  shales  are  concerned,  has  already 
been  described  in  Chapter  I,  and  it  will  be  much  more  fully  illustrated 
in  the  well  records  to  be  given  in  the  various  parts  of  the  field. 

Source  of  Shale,  Oil  and  Gas. 

The  shales  in  themselves  considered  are  but  small  producers  of  oil. 
Not  a  single  shale  well  is  known,  the  supply  of  which  is  derived  ex- 
clusively from  the  shale,  that  has  everprqduced  more  than  ten  or  fifteen 
barrels  of  oil  in  a  day,  and  even  such  yields  have  been  limited  to  very 
few  days  at  most.  Wh'^re  interrupted  by  sandstones,  however,  or  even 
by  sandy  shales  that  are  buried  in  them,  all  may  be  changed.  Such 
sandstones  are  likely  to  become  oil-sands^  and  to  constitute  the  great 
reservoirs  from  which  almost  fabulous  amounts  of  oil  and  gas  flow  forth 
when  these  reservoirs  are  reached  by  the  drill.  Although  no  great  ac- 
cumulations of  oil  are  found  in  the  shales  proper,  it  would  be  wrong  to 
infer  that  they  are  poor  in  petroleum.  On  the  contrary,  they  contain 
much  more  than  any  other  of  the  strata  with  which  they  are  associated, 
the  great  sandstone  reservoirs  not  excepted,  but  it  is  in  a  distributed 
condition  that  the  petroleum  occurs.  The  entire  body  of  the  shale 
carries  a  determinable  percentage.  The  percentage  is  small,  but  the 
Aggregsite  is  vastly  larger  to  the  square  mile  than  any  square  mile  of 
the  most  prolific  oil-field  has  ever  yielded  to  the  drill.  Professor  N.  W. 
Lord,  Chemist  of  the  Survey,  determined  the  amount  of  petroleum  ex- 
isting as  such  in  normal  samples  of  Ohio  black  shale.  He  found  the 
amount  to  he  slightly  less  than  one-fifth  of  one  per  cent.,  but  he  learned 
from  his  investigations  that  the  finer  the  division  of  the  shale,  the 
larger  was  the  percentage  of  oil  obtained.  It  was  therefore  certain  that 
the  true  percentage  exceeded  that  reported  ;  further  than  this,  there  had, 
undoubtedly,  been  some  loss  of  p**troleum  from  the  exposure  of  the 
shale,  but  even  on  the  percentage  obtained,  if  the  shale  series  is  counted 
at  the  low  average  thickness  of  1,000  feet  for  its  entire  area,  the  total 
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amount  per  square  mile  passes  far  beyond  the  limits  of  clear  compre^ 
hension.      ^ 

Calculations  show  that  it  would  exceed  ten  milliqn  barrels  (10,- 
000,000)  to  the  square  mile,  and  such  figures  stand,  of  course,  merely  for 
numbers  that  turn  up  in  arithmetical  processes,  but  to  which  we  are 
unable  to  attach  any  definite  significance  further  than  to  recognize  in 
them  very  large  numbers. 

The  oil-stock  of  the  shales  is  large,  as  thus  appears,  but  the  oil-pro- 
duction is  very  small.  The  case,  however,  stands  somewhat  better  with 
regard  to  gas.  Here  again  the  lack  of  sandstone  reservoirs  forbids  large 
accumulations,  but  the  shales  themselves  yield  gas  in  such  volume  as 
to  become  of  considerable  economic  importance.  There  can  be  no  ques- 
tion but  that  gas  is  derived  directly  from  the  oil  of  the  shales.  Deep 
as  the  drill  goes  down  the  shales  are  found  charged  to  the  extent  noted 
above  with  petroleum,  which  begins  to  break  up  at  once  into  volatile 
compounds  when  exposed  to  the  air. 

Surface  Indications. 

Both  oil  and  gas,  as  thus  described,  are  found  rising  slowly  through 
the  shales  to  the  surface  at  multitudes  of  the  outcrops  of  this  forma- 
tion. No  doubt  most  of  the  outcrops  have  been  thus  distinguished  at 
some  time  in  their  history,  but  at  many  points  the  accessible  stocks 
have  been  so  reduced  as  to  be  no  longer  conspicuous  or  even  noticeable. 
The  movement  of  the  oil  to  the  surface  is  probably  the  result  of  a  slow 
circulation  in  the  shales,  gravity  bringing  the  oil  upward  as  water  de- 
scends. When  the  oil  and  gas  appear  in  this  way,  the  oil  as  a  thin 
film  over  the  water  that  escapes,  and  the  gas  issuing  from  the  seams 
and  joints  of  the  shales,  sometimes  in  bubbles  through  the  water,  and 
sometimes  in  small  but  steady  streams,  they  are  called  surface  indica- 
tions, and  great  account  is  made  of  them  in  the  search  for  oil  and  gas. 

At  many  points  such  indications  have  been  found  to  be  the  fore- 
runners of  the  largest  production  of  oil  and  gas.  The  Findlay  field, 
for  example,  always  abounded  in  these  evidences  of  a  great  stock  of  gas 
buried  beneath  the  surface,  but  it  was  a  long  while  before  any  one  was 
prepared  to  interpret  these  indications  in  the  ordinary  way. 

The  surface  indications  of  the  Ohio  shale  stand  for  no  large  accumvJations, 
but  they  are  constantly  interpreted,  or  rather  misinterpreted,  as  if  they 
did.  Such  escape  as  is  here  described  is  the  normal  condition  of  the 
shales.  It  testifies  to  the  distributed  stocks  of  petroleum  that  lie  below 
and  that  are  absolutely  universal.  They  are  found  wherever  the  shales 
are  found.    The  main  outcrops  of  the  shales  are  not  less  than  400  miles 
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in  length  in  Ohio,  and  there  are  but  few  miles  of  these  outcrops  except 
where  drift  deposits  interfere,  in  which  oil  films  and  gas  bul;>bles  cannot 
be  found.  Since  natural  gas  has  begun  to  attract  such  general  atten- 
tion these  surface  indications  are  constantly  being  rediscovered,  and  a 
week  does  not  pass  without  the  published  announcement  of  the  sure 
presence  of  abundant  stocks  of  gas  along  these  shale  outcrops,  amply 
sufficient  for  entire  districts  of  the  state,  but  when  the  drill  descends  at 
the  most  promising  of  these  points  it  releases  but  a  weak  supply,  adapted 
in  its  best  condition  only  for  domestic  use  on  a  very  small  scale. 

Several  hundred  wells. have  already  been  drilled  in  various  parts  of 
the  state  in  the  shale  formation,  and  the  conclusions  drawn  from  so 
large  a  number  of  examples  are  not  at  all  likely  to  be  set  aside  by  any 
experience  that  is  yet  to  be  obtained.  We  know  both  the  quality  and 
the  quantity  of  the  bituminous  products  that  the  shales  are  able  to 
supply. 

Chabacteb  of  Shale  Gas. 

The  gas  yielded  by  the  Ohio  shale  is  definitely  characterized.  It  ia 
low-pressure  gas— in  other  words,  it  does  not  attain  the  high-pressure 
of  the  great  wells  which  are  used  for  large  public  supply.  This  is  the 
same  as  saying  that  it  never  produces  a  large  daily  volume  of  gas;  but 
terms  like  these  are  relative.  What  is  high-pressure,  and  what  is  a 
large  daily  production  of  gas?  The  Flndlay  wells  reach  a  closed  pressure 
of  a  little  less  than  400  pounds  per  square  inch.  The  great  wells  of 
Pennsylvania  show  pressure  much  in  excess  of  the  Findlay  wells,  reach- 
ing, according  to  good  authority,  a  pressure  of  at  least  650  pounds  per 
square  inch.    Pressures  much  greater  than  this  are  reported. 

In  contrast  with  these  fields  the  closed  pressure  of  shale  gas-wells 
has  rarely  been  known  to  rise  beyond  100  pounds  to  the  square  inch. 
In  almost  all  the  cas?s  noted,  the  pressure  has  remained  much  below  100 
pounds.  What  are  called  good  wells  show  a  maximum  of  fifty,  sixty, 
or  seventy  pounds. 

Again,  the  maximum  production  of  the  wells  of  the  Findlay  gas- 
field  is  15,000,000  cubic  feet  per  day.  Wells  are  not  counted  of  much 
force  or  value,  the  daily  output  of  which  does  not  exceed  one-half  mil- 
lion cubic  feet.  The  great  gas-wells  of  western  Pennsylvania  exceed 
the  largest  production  of  the  Ohio  field  by  several  million  cubic  feet. 

In  contrast  with  this  no  shale  gas-wells  have  been  measured  that 
produced  moire  flian  '100,000  cubic  feet  per  day,  and  it  is  very  rare  for 
them  to  reach  this  figure.  They  are  counted  excellent  wells  when  they 
reach  60,000  cubic  feet  per  day.    What  is  meant  by  relatively  low-press- 
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ure  and  small  productioQ  in  shale  gas- wells,  appears  from  the  facts  and 
comparisons  here  given. 

The  composition  of  the  shale  gas  proper  has  not  been  determined  by 
the  Survey,  but  it  is  doubtless  identical  with  the  gas  found  in  the  Berea 
grit.  An  analysis  of  the  latter,  from  the  Nefl  wells,  made  several  years 
since  by  Professor  E.  \V.  Morley,  of  Western  Reserve  University,  is 
given  below : 

Specific  gravity.. 66 

Oxygen 80 

CO,    80 

CO .60 

Marsh  gas 81.40 

Ethyl  hydride 12.20 

Kitrogen 4.8 

The  analyses  recently  made  of  natural  gas  in  the  Pennsylvania 
fields,  and  published  on  page  409,  can  be  compared  with  these  results. 
They  will  be  found  to  agree  fairly  well.  The  marsh  gas  and  ethyl  hy- 
dride reported  here  can  be  counted  together  as  paraffins  and  the  total 
amount  is  seen  to  be  93.()0  per  cent. 

The  stocks  of  gas  derived  from  the  shale,  although  moderate  or  small 
in  amount,  are  quite  persistent,  and  therefore  valuable.  No  gas  supply 
is  known  that  is  more  enduring  than  the  supply  derived  from  the 
shales.  Natural  gas  of  this  description  rises,  in  many  cases,  with  the 
water  of  spring.^,  and  from  all  that  we  can  see,  it  is  as  persistent  as  the 
water  which  it  accompanies.  The  gas  springs  of  Fredonia,  New  York, 
have  baen  known  since  the  country  was  first  occupied,  and  the  gas  pro- 
duced by  them  has  been  utilized  in  the  town  for  lighting  purposes  since 
1821.  Wells  have  been  drilled  by  the  sMe  of  the  original  springs,  and 
have  interfered  with  the  lattar  tu  some  extent,  but  the  flow  still  con- 
tinues from  the  old  sources.  From  wells  drilled  into  the  shales  ex- 
pressly for  gas  to  be  utilized  as  light,  heat,  or  power,  we  cannot  obtain 
any  decisive  testimony  as  to  their  durability,  from  the  fact  that  they 
are  all  of  comparatively  recent  date,  but  so  far  as  it  goes,  the  experience 
derived  from  them  is  quite  satisfactory  and  assuring.  Wells  drilled 
fifty  years  ago  are  still  fairly  productive.  In  some  cases  they  have  been 
furnishing  a  steady  supply  since  they  were  drilled,  without  requiring  a 
dollar  of  outlay  during  the  entire  interval.  The  production  is  probably 
gradually  diminishing  in  most  cases,  but  enough  is  generally  left  to 
enable  the  wells  to  do  all  that  is  expected  of  them. 

The  two  facts  named  above,  namely,  the  low-pressure  of  the  shale 
gas,  and  its  persistency,  point  out  in  very  clear  light  its  special  adapta- 
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tion.  It  is,  by  way  of  excellence,  a  household  fuel,  and  but  little  beyond 
this  should  be  expected  or  asked  of  it.  As  a  source  of  light,  it  is  some- 
what less  satisfactory,  as  the  percentage  of  illuminating  agents  in  it  is 
small,  but  for  heating  purposes  it  is  in  every  way  admirably  adapted. 
It  is  equally  valuable  for  stoves,  ranges,  grates,  and  steam  production 
on  a  small  scale.  In  many  houses  supplied  with  gas  the  kitchen  fire 
never  goes  out.  The  convenience  resulting  from  its  introduction  into 
household  use  is  inexpressible,  and  a  surprising  reduction  in  the  labors 
of  housekeeping  is  effected  by  it.  There  is  no  greater  luxury  in  the 
modern  house  than  gaseous  fuel. 

The  light  arising  from  the  burning  of  the  gas  is  blue  and  feeble, 
but  the  heat  is  intense.  A  simple  method  of  enriching  the  flame  in 
grate  fires,  supplied  with  the  gas,  was  accidentally  discovered  by  Mr, 
George  H.  Ely,  of  Elyria,  a  short  time  since.  By  sprinkling,  from  time 
to  time,  a  small  quantity  of  common  salt  over  the  fire-brick  or  fire  logs, 
the  bright  yellow  flame  of  sodium  is  communicated  to  the  gas.  The 
salt  makes  a  glaze  upon  the  brick  and  the  effect  lasts  for  some  time. 
The  gas  fire  is  made  much  more  enjoyable  when  a  bright  and  cheerful 
light  is  added  to  its  other  advantages. 

The  use  of  this  low-pressure  gas  is  accompanied  with  little  of  the 
danger  that  has  been  encountered  in  bringing  high-pressure  gas  into 
cities  and  towns.  Experience  is  teaching  us  how  to  reduce  this  danger 
to  a  minimum,  it  is  true,  but  in  the  case  of  shale  gas-wells  the  danger 
never  existed. 

For  manufacturing  purposes  on  any  considerable  scale  the  shale  gas 
is  scarcely  applicable.  There  is  too  little  of  it.  There  are  compara- 
tively few  wells  of  this  group  that  produce  50,000  cubic  feet  per  day, 
but  without  at  least  this  amount,  a  well  can  scarcely  be  expected  to 
supply  steam  lor  a  fifty-horse-power  engine.  Such  an  amount  of  gas  is 
doubtless  enough  for  several  such  engines,  if  it  could  be  applied  at  the 
well's  mouth,  and  with  the  assurance  that  proper  economy  in  its  use 
would  be  secured,  but  in  all  such  cases  it  is  always  desirable  to  leave  an 
untaxed  supply  of  production,  and  upon  this  ground  the  statement 
above  given  is  justified. 

A  like  inadequacy  is  usually  found  in  the  shale  gas-wells  for  the 
supply  of  gas  for  villages  or  towns.  It  has  not  the  force  requisite  to 
carry  it  through  long  lines  of  pipe  and  maintain  a  vigorous  supply  at 
their  termination.  It  is  quantity  again  that  is  at  fault.  The  details 
given  in  the  subsequent  portions  of  this  chapter  will  fully  illustrate 
these  statements. 

It  is  not  only  domestic  supply  that  the  shale  gas  is  specially  fitted 
to  furnish,  but  it  is  individual  household  supply  for  which  it  is  likely  to 
27        G. 


418  GBOLOGY  OF  OHIO. 

be  most  valued  in  time  to  come.  Those  who  own  farms  or  even  village 
or  city  lots  within  the  productive  areas  of  the  shale  gas-field — ^and  so 
far  as  is  now  known  a  very  large  percentage  of  the  shale  territory  is 
productive  on  the  scale  already  noted — will  come  to  value  their  lands 
for  the  gaseous  fuel  which  they  hold  in  store  as  much,  or  perhaps  more, 
than  they  would  value  the  same  lands  if  supplied  with  wood  lots  or 
coal  mines.  Farm  houses  within  these  limits  will  be  arranged,  in  coming 
time,  for  the  use  of  natural  gas,  and  a  hundred-acre  farm  will  be  found 
to  have  great  possibilities  in  this  respect.  If  a  single  well  will  last  a 
score  of  years,  such  a  farm  will  contain  an  available  supply  for  many 
centuries.  The  initial  expense  of  piping  a  house  and  drilling  a  well 
seems  burdensome,  but  these  items  can  be  reduced  by  good  management 
to  low  figures,  and  there  is  no  doubt  that  a  wise  economy  will  justify 
the  expenditures.  Wells  can  be  drilled  in  the  shales  at  the  rate  of  160 
to  200  feet  per  day.  The  interest  on  the  investment  will  be  much  less 
than  the  ordinary  fuel  account  of  a  year,  let  alone  all  the  other  great 
advantages  to  be  derived  from  the  use  of  gas.  It  must  be  borne  in  mind 
that  a  well  yielding  but  1,000  cubic  feet  per  day,  or  even  less,  if  attached 
to  but  a  single  residence,  can  make  itself  very  serviceable.  There 
would  be  at  almost  all  times  a  ''  head  "  of  pressure  upon  the  well  arising 
from  accumulation  during  the  intervals  in  which  the  gas  is  left  unused. 
An  ordinary  stove  does  not  actually  consume  more  than  twenty-five  to 
fifty  feet  of  gas  per  hour«  so  that  several  stoves  could  be  supplied  by  a  well 
of  very  moderate  capacity.  The  most  of  the  chances  for  measurement  in 
the  case  of  the  shale  gas-wells  have  been  obtained  when  the  wells  were 
recently  drilled  and  while  at  their  best.  Wherever  measurement  has 
been  applied  to  wells  that  have  been  in  use  for  several  years,  the  pro- 
duction has  been  found  to  be  small,  not  exceeding  one  or  two  thousand 
feet  per  day.  The  largest  production  of  any  shale  well  measured  has 
not  exceeded  100,000  cubic  feet  per  day. 

There  is  a  mode  of  estimating  the  capacity  of  these  shale  gas-wells 
in  northeastern  Ohio  that  may  be  mentioned  in  this  connection.  Every 
pound  of  pressure  when  the  well  is  shut  in  is  counted  equal  to  a  pro- 
duction of  1,600  feet  of  gas  per  day.  The  method  is  supposed  to  be 
established  on  practical  tests,  but  it  is  certainly  unsound.  The  facts 
from  a  single  well  have,  no  doubt,  given  such  results,  but  there  is  noth- 
ing to  warrant  the  conclusion  that  the  same  relations  will  be  found  in 
other  wells.  In  fact,  direct  measurements  show  that  the  claim  is  entirely 
untenable.  Still,  it  is  true  that  the  shale  gas-wells  of  a  district  are 
more  nearly  alike  than  high-pressure  wells,  and  it  may  be  that  calcula- 
tions on  this  basis  will  not  be  very  far  from  the  truth  for  a  single  dis- 
trict so  long,  at  least,  as  the  entire  closed  pressure  is  confined  to  a  few 
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pounds.  Even  this  reduced  claim  has  no  authority  whatever.  The 
proper  instrument  for  measuring  the  flow  of  these  low-pressure  wells  is 
the  anemometer.  Its  use  for  this  purpose  was  first  suggested  bj  E.  Mc- 
Millin,  Esq.,  of  Columbus. 

Structure  as  Related  to  Shale  Gas  Wells. 

In  the  production  of  oil  and  gas,  and  especially  of  the  latter,  from 
both  the  Trenton  limestone  and  the  Berea  grit,  the  elements  of  structure, 
that  is,  of  the  arrangement  of  the  strata,  including  the  folds,  fractures, 
and  dips  by  which  they  are  affected,  have  been  found  to  be  of  paramount 
importance.  Is  this  factor  equally  influential  in  determining  the  gas 
production  of  wells  sunk  into  the  shales  ?  There  are  some  reasons  why 
it  might  not  seem  to  be  equally  important  in  this  latter  field.  For 
example,  no  reservoirs  on  a  large  scale  are  found  in  the  shales,  and  inas- 
much as  the  principal  effects  of  structure  seem  to  be  exerted  on  this 
element  of  oil  and  gas  production  in  differentiating  gas,  oil,  and  salt- 
water in  the  rocks,  it  appears  probable  that  wells  in  the  shales  are  not 
so  entirely  dependent  on  and  conditioned  by  this  factor.  A  well  drilled 
into  a  mass  of  rock  throughout  which  gas  is  everywhere  distributed, 
and  from  which  water  is  excluded,  would  yield,  at  least,  a  small  supply 
under  any  circumstances  and  without  special  regard  to  the  facts  of 
structure.  But  it  is  probable  that  such  supplies  would  be  very  limited, 
and  wells  drilled  under  these  conditions  would  be  practically  failures. 
On  the  other  hand,  it  is  obvious  that  in  rocks  as  compact  and  close- 
grained  as  the  shales  of  the  Ohio  system,  the  passage  of  gas  would  be 
very  much  facilitated  by  any  crevices  that  are  open  in  the  shales,  and 
along  every  minor  axis  of  elevation  we  should  have  the  right  to  look 
for  the  largest  supply  of  gas.  It  seems  probable  that  slight  disturbances 
which  would  be  inadequate  to  secure  concentration  in  the  great  gas- 
bearing  rocks,  are  much  more  effective  here,  or  in  other  words,  that 
crazed  or  broken  structure  is  all  that  is  required.  This  latter  view  was 
clearly  brought  out  by  Newberry  many  years  ago  in  his  discussions  on 
thiQ  subject.  Structure  is,  therefore,  in  all  probability,  even  more 
effective  in  the  shales  than  in  the  sandstones  and  limestones,  because  so 
much  lighter  phases  of  it  can  be  turned  to  account  in  the  way  of  furn- 
ishing wells  with  gas,  but  the  special  phases  of  it  on  which  high- pressure 
gas  is  dependent  are  not  required  in  this  field. 

The  difficulty  or  impossibility  of  marking  and  following  horizons 
in  the  shales  has  already  been  pointed  out.  We  can  scarcely  go  beyond 
the  portions  of  the  rock  that  are  uncovered  in  the  beds  of  streams  and 
other  such  situations  in  our  recognition  of  lines  of  uplift.  When  the 
beds  are  covered  by  drift,  or  even  by  soil,  we  have  thus  far  found  no 
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clues  whatever.  It  is  quite  possible  that  persistent  beds  will  come  to 
be  recognized  when  study  enough  has  been  given  to  the  formation,  from 
which  the  facts  of  structure  may  be  made  out  independent  of  exposures^ 
but  up  to  the  present  time  few  such  horizons  have  been  found. 

The  leakage  of  the  shales,  which  has  already  been  spoken  of  under 
the  head  of  ''  surface  indications,  "  generally  escapes  through  the  joints 
of  the  rocks,  at  least  where  the  exposures  are  such  that  the  facts 
can  be  made  out.  In  some  cases  there  are  faint  but  distinct  axes 
of  elevation  that  can  be  traced  for  several  hundred  feet,  occasionally, 
and  these  are  outlets  for  gas  along  their  whole  extent.  In  the  bed  of 
Rocky  River,  four  miles  below  Berea,  near  the  residence  of  H.  A.  Mas- 
tick,  Esq.,  such  an  axis  was  found,  bearing  N.  40^  E.  A  rise  of  but 
eight  feet  is  visible  in  the  beds  that  are  uncovered  here,  but  gas,  ac- 
companied with  salt-water,  has  been  found  escaping  since  the  country 
was  first  occupied.  A  well  recently  drilled  on  this  line  of  uplift,  obtained 
a  fairly  vigorous  supply. 

The  moderate  success  of  so  large  a  number  of  wells  covering  so 
considerable  a  scope  of  country,  through  town  after  town  and  county 
after  county  along  the  shore  of  Lake  Erie,  is  sufficient  proof  that  these 
wells  are  dependent  on  no  large  structural  features.  The  only  explana- 
tion of  such  production  that  would  be  possible,  if  such  features  were 
counted  essential,  would  be  the  presence  of  a  broad  and  low  anticlinal, 
parallel  to  the  shore  of  the  lake.  Of  the  existence  of  such  a  fold  itls 
scarcely  necessary  to  say  we  have  no  proof.  There  is,  in  fact,  no  room 
for  these  large  structural  features  in  the  country  traversed,  that  is,  the 
frequent  natural  exposures  of  the  rocks  are  seen  to  be  destitute  of  all 
important  arches  and  folds.  The  minor  rolls  and  light  disturbances, 
such  as  the  shales  everywhere  show  in  exposed  sections,  are  probably 
sufficient  to  account  for  the  facts  of  production.  The  great  diffiarences 
of  production,  and  the  occasional  failures  that  occur,  must  also  be  borne 
in  mind  as  we  consider  these  facts.  The  points  last-named  can  be 
rationally  connected  with  the  minor  points  of  structure  already  de- 
scribed, or  with  the  absence  of  such  facts.  We  conclude,  therefore,  that 
structure,  in  its  less  pronounced  phases,  is  probably  essential  to  the  gas 
production  of  the  shales,  but  that  the  great  features  upon  which  the  ac- 
cumulation of  the  reservoir  wells  depends  are  not  needed  here. 

Areas  of  Shale  Gas  Tbbbitoby. 

The  territory  in  which  gas  of  the  character  described  above  is  to  be 
found  in  Ohio  can  readily  be  pointed  out.  The  northern  and  western 
outcrops  of  the  great  shale  formation,  in  the  eastern  and  central  parts  of 
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the  state,  constitute  its  outer  boundary.  Passing  southward  and  west- 
ward from  this  boundary,  the  shale  gas  territory  is,  without  question, 
co-extensive  with  the  shale  formation.  It  does  not,  however,  stop  at 
this  limit,  but  it  takes  in  also  nearly  as  great  a  breadth  of  the  Waverly 
formation,  in  addition,  as  has  been  already  assigned  to  it.  No  high- 
pressure  gas  is  found  in  the  Waverly  until  the  Berea  grit  has  taken  at 
least  400  to  600  feet  of  cover.  We  must  add,  therefore,  to  the  shale 
formation  as  much  of  the  adjoining  Waverly  border  as  is  necessary  to 
carry  the  Berea  grit  to  an  average  depth  of  about  300  feet  below  the 
surface,  and  we  thus  obtain  a  belt  fifteen  to  thirty  miles  wide  that  can 
be  followed  continuously  from  the  Pennsylvania  border  to  the  Ohio  Val- 
ley and  beyond.  This  is  by  way  of  excellence  the  area  of  low-pressure 
gas  in  Ohio.    It  is  shown  on  the  map  that  accompanies  this  chapter. 

A  second  area,  but  of  less  importance,  iafound  in  a  few  of  the  north- 
western counties  of  Ohio.  The  Ohio  shale,  as  will  be  remembered,  con- 
stitutes the  surface  rock  in  the  whole,  or  in  parts  of  Lucas,  Fulton, 
Henry,  Williams  and  Defiance  counties.  It  is,  however,  deeply  covered 
with  drift  deposits  through  most  of  this  area,  so  that  it  has  but  few  out- 
crops, and  moreover,  it  was  so  reduced  by  glacial  agencies  before  the 
drift  was  deposited  upon  it  that  there  are,  at  most,  but  a  few  hundred 
feet  of  the  shales  to  be  found  in  any  section.  It  has  not  exceeded  200 
feet  in  the  wells  that  have  thus  far  been  drilled  within  this  general  area« 

Within  the  areas  thus  indicated,  a  large  amount  of  exploration  has 
been  and  is  still  being  carried  on.  A  part  of  this  exploration  and  its 
results  have  been  described  in  Chapter  IV,  in  which  various  records  are 
given  of  wells  that  have  been  drilled  in  districts  where  the  Berea  grit 
makes  the  surface  rock,  or  where  it  is  struck  at  moderate  depths.  But 
there  remains  a  great  body  of  facts  drawn  from  unmistakable  shale 
territory,  that  is,  from  regions  in  which  the  shales  are  the  surface  rocks. 
The  explorations  have  been  so  extended  that  nothing  like  a  full  account 
can  be  undertaken  here.  The  experience  of  various  towns  and  locali- 
ties will  be  briefly  indicated,  and  from  them  it  will  be  possible  to  deduce 
the  general  laws  that  seem  to  govern  the  gas  production  of  the  formation. 

Records  of  Shale  Gas  Wells* 

A  brief  review  of  the  results  of  drilling  in  the  shale  belts  of  the 
state  will  here  be  given.  The  experience  of  towns  beyond  the  state 
line,  along  the  shores  of  Lake  Erie,  in  seeking  supplies  of  natural  gas, 
is  quite  widely  known.  Fredonia,  New  York,  began  as  far  back  as  1821, 
to  utilize  natural  gas  derived  from  springs  in  the  valley  that  passes 
through  the  town.    Barcelona,  the  harbor  of  Westfield,  N.  Y.,  used  gas 
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in  the  government  light-house  that  was  formerly  kept  there,  for  thirty 
years,  the  gas  being  derived  from  similar  adjacent  springs,  and  Erie 
and  Northeast,  Pennsylvania,  have  made  considerable  use  of  gas  for  the 
last  fifteen  years.  There  is  probably  not  a  town  between  Silver  Creek, 
New  York^  and  the  Ohio  state  line  in  which  natural  gas  has  not  been 
sought  and  found  within  the  last  dozen  years,  though  often  found  in 
very  moderate  quantity.  Brie  is,  perhaps,  better  known  in  this  con- 
nection than  any  other  town.  Its  wells  are  all  running  low  at  present, 
partly,  at  least,  through  the  access  of  water  from  above  to  the  gas-bear- 
ing  horizons.  The  water  has  gradually  invaded  the  shales  through 
neglected  wells,  and  has  repressed  the  gas  throughout  the  whole  territory 
of  the  town.  The  experience  of  other  towns  in  maintaining  their  supply 
is  more  favorable.  The  same  conditions  that  are  found  at  Erie  occur  in 
the  entire  belt  which  we  find  in  Ohio.  West  of  the  state  line,  gas-wells 
are  quite  as  numerous  as  to  the  eastward.  Here  also  every  township  on 
the  lake  shore  between  the  state  line  and  the  western  outcrop  of  the 
shales  has  probably  made  its  trial.  If  there  are  any  townships  in 
which  drilling  has  not  been  done,  the  number  is  certainly  very  small. 
No  careful  and  particular  enumeration  will  be  undertaken,  but  the  facts 
in  the  several  counties  will  be  briefly  sketched. 

Ashtabula  County. 

ConneaiU, 

Within  the  last  two  years  several  wells  have  been  drilled  at  Con- 
neaut,  and  in  its  immediate  vicinity  for  gas,  all  of  which  have  been  more 
or  less  successful.  Several  are  reported  to  have  obtained  gas  supplies 
from  this  formation.  But  drilling  began  here  many  years  ago.  In 
1870  a  well  was  drilled  for  oil  at  the  paper-mills,  the  record  of  which 
has  been  kindly  furnished  to  the  Survey  by  P.  B.  Doty,  Esq.,  who  is 
familiar  with  all  the  facts.  Oas  was  found  all  the  way  down  in  this 
well,  but  no  oil,  and  as  gas  was  entirely  unappreciated  at  the  time,  the 
well  was  counted  a  failure.  Gab  appeared  bubbling  through  the  water 
at  fifty  feet  when  the  well  was  drilled  It  increased  at  frequent  inter- 
vals as  the  drill  descended,  until  at  498  feet,  a  vigorous  ^^  blower  "  was 
struck,  which  threw  the  water  out  of  the  well,  and  is  said  to  have  lifted 
the  tools.  A  second  well-marked  flow  was  found  at  637  feet ;  a  third, 
t  feet ;  and  still  others,  at  580,  612,  630,  648,  750  feet.    The  well 

was  finished  at  850  feet.  The  upper  beds  of  the  shale  were  blue,  but  all 
below  200  feet  was  reported  black.  It  was,  however,  only  a  darker 
shade  of  blue.  A  little  salt-water  was  obtained  at  630  feet.  The  well 
was  abandoned  for  many  years,  and  water  was  allowed  to  enter  from 
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above,  but  the  gas  was  not  entirely  repressed.  It  found  its  way  through 
the  water  to  the  surface,  and  within  the  last  two  or  three  years  it  has 
been  introduced  into  the  mill,  where  it  serves  a  small  purpose  for  illum- 
ination. The  flow,  however,  at  the  present  time,  is  not  important.  A 
second  weil^  drilled  a  few  rods  distant  from  well  No.  1,  at  a  later  date, 
found  but  little  gas.  The  later  experiments  have  been  much  more  satis- 
factory because  the  drilling  was  now  done  expressly  for  gas,  and  all  the 
conditions  were  made  to  favor  its  production.  It  is  understood  that  a 
number  of  fairly  vigorous  shale  wells  are  in  operation  at  the  present 
time. 

A  deep  well  recently  drilled  here  by  the  village  corporation,  found 
a  very  strong  limestone  brine  at  1,942  feet,  which  nearly  filled  the  well, 

Kingsville, 

A  successful  well  was  drilled  in  North  Kingsville  in  April,  1885, 
by  John  H.  Titus,  at  his  Plastering  Hair  Works.  The  well  is  only  820 
feet  deep,  but  at  the  date  when  it  was  examined,  namely,  in  July,  1885, 
it  was  producing  a  good  volume  of  gas,  as  will  be  shown  below.  Its  be- 
haviour since  that  time,  as  reported  by  the  present  owner,  is  fairly  satis- 
factory. The  well  has  been  entirely  neglected  for  a  year  and  a  half,  and 
water  has  found  its  way  into  it  from  some  source,  but  quite  a  vigorous 
flow  is  still  maintained.  It  is  estimated  to  retain  about  half  of  its 
initial  volume. 

The  record  of  the  well  is  given  below  : 

Soil 9  feet. 

Gas  found  at 82  " 

Well  cased  at 36  " 

Gas  for  the  supply  of  boiler— struck  at 60  " 

Gas  veins  struck  at  76, 143, 161, 185, 187,  221,  223.  262, 298, 812, 
317,  320  feet. 

Heaviest  flow  was  at «  227  " 

At  252  feet  the  shale  grew  darker,  and  was  called  black  below  this 
point.  A  small  quantity  of  salt-water  was  found  at  250  to  800  feet  that 
needs  to  be  pumped  out  every  week  or  two.  When  shut  o£f  for  five 
minutes  the  gas  increases  to  a  pressure  of  thirty-two  pounds  to  the 
square  inch.  As  measured  by  the  anemometer,  the  production  of  the 
well  on  July  2, 1885,  was  found  to  be  37,440  cubic  feet  pet  day.  The 
gas  renders  excellent  service  in  steam  production  in  the  factory,  and  has 
paid  for  itself  many  times  over. 

At  South  Kingsville,  Mr.  Jacob  Flickinger  drilled  a  deep  well  a 
number  of  years  since,  which  began  and  ended  in  the  shales.  It  was 
finished  at  a  depth  of  about  1,200  feet.  The  series  traversed  showed  the 
usual  alternation  of  light  and  dark  beds.  This  well  is  ot  special  interest, 
from  the  fact  that  it  was  in  drillings  obtained  from  it  at  a  depth  of  900 
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to  1,000  feet,  that  the  first  specimens  of  SporangiteB  HuronensiSy  Dawson^ 
outside  of  the  original  locality  in  Canada,  were  obtained.  Since  their 
rediscovery  at  this  point,  they  have  been  found  in  blacl  shales  in 
various  quarters  of  the  country,  and  even  from  two  other  continents. 
Gas  was  struck  first  in  this  well  at  ninety-eight  feet.  The  last  vein  was 
found  at  872  feet.  A  small  quantity  of  oil  was  obtained  at  441  feet,  just 
under  a  ten-inch  shell.  Thinner  shells,  or  hard  layers,  from  two  to  six 
inches  in  thickness  were  often  found,  and  invariably  in  connection  with 
additions  of  gas  or  oil.  The  shale  turned  dark  at  450  feet.  At  682  feet, 
it  showed  itself  to  be  distinctly  petroliferous  by  its  odor,  and  this  charac- 
ter was  maintained  thereafter.  At  695  to  706  feet,  a  very  black  band  of 
slate  was  found,  which  the  drillers  took  at  first  to  be  cannel  coal.  Blue 
bands  alternated  with  black  shale  from  695  feet  to  the  bottom  of  the 
well.  No  important  additions  of  p;as  were  obtained  below  372  feet.  The 
supply,  though  small,  is  exceedingly  useful.  It  was  introduced  at  once 
into  the  house,  and  serves  for  a  cooking-stove  and  for  heating,  to  some 
extent,  and  for  lighting  the  house  throughout,  but  it  is  insujfficient 
for  the  entire  supply.  All  told,  it  would  keep  about  twenty  burners  in 
steady  operation. 

Ashtabula. 

In  and  around  Ashtabula  many  shale  wells  have  been  drilled  within 
the  last  few  years.  In  November,  1884,  Mr.  John  Manning  drilled  a 
well  at  his  residence  on  Lake  street  for  water,  the  supply  of  which,  in 
this  part  of  the  town,  is  very  inadequate.  Finding  no  water  at  or  about 
fifty  feet,  within  which  limit  he  had  expected  to  stop,  he  concluded  to 
sink  deeper  in  his  search.  At  ninety-seven  feet,  he  struck  a  small  flow 
of  gas.  At  176  feet,  the  amount  was  considerably  increased,  and  it  was 
forthwith  introduced  into  household  use.  The  well  was  drilled  to  a 
depth  of  307  feet.  But  a  single  band  of  black  shale  was  reported  by  the 
driller.  Several  short-lived  "  blowers  "  were  struck  in  the  descent,  but 
the  main  supply  comes  from  the  horizons  already  noted.  The  gas  serves 
for  a  cooking-stove,  one  or  two  heating-stoves,  and  for  all  the  light  that 
is  required  in  the  house,  and  also  for  street-lights.  Less  than  half  of 
the  gas  produced  by  the  well  is  thought  to  be  used  in  all  these  ways. 
The  highest  closed-pressure  of  the  well  is  reported  to  be  eighty  pounds 
to  the  square  inch,  but  no  accurate  figures  are  at  hand.  The  gas  main- 
tains a  pressure  of  four  or  five  pounds  in  ordinary  use.  Mr.  Manning 
is  positive  that  the  flow  of  the  well  is  greater  in  warm  weather,  and 
especially  when  the  wind  is  in  the  south.  He  reports  a  range  in  press- 
ure of  one  and  a  half  to  three  pounds,  according  as  conditions  vary  in 
this  respect.    A  northeast  wind  is  especially  marked,  he  says,  in  reduc- 
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jng  the  pressure  and  flow  of  the  well.  Opinions  like  these  have  been 
obtained  from  many  quarters,  but  nothing  short  of  systematic  observa- 
tion can  show  whether  there  is  a  good  foundation  for  this  common  belief 
in  regard  to  the  relation  of  gas-production  to  temperature,  and  the 
direction  of  the  wind.  The  entire  cost  of  drilling  and  equpping  the 
well  is  reported  by  Mr.  Manning  to  be  $365. 

In  December,  1884,  Henry  H.  Hall  drilled  a  well  at  his  residence 
in  Ashtabula  for  the  purpose  of  securing  a  home  supply  of  gas.  The 
record  of  this  drilling  is  as  follows :  Soil,  gravel,  etc.,  12  feet,  followed 
by  blue  shale.  A  good  vein  of  gas  was  reached  at  250  feet,  which  burned 
twelve  feet  high  at  the  casing.  By  mismanagement  of  the  drilling,  as 
was  thought,  the  well  became  flooded  at  this  point,  and  the  gas  was 
overpowered.  The  water  was  at  last  withdrawn,  but  not  until  the 
volume  of  the  gas  had  been  permanently  reduced.  On  going  deeper, 
additions  to  the  supply  were  made  from  point  to  point,  and  at  375  feet 
a  flow  was  secured  that  was  almost  equal  to  the  one  that  had  been  lost. 
The  gas  continued  to  come  in  under  the  ^^  shells,"  as  they  were  success- 
ively struck,  until  a  depth  of  410  feet  was  reached.  No  increase  of 
volume  came  from  below  this  point,  and  the  drill  was  Etopped  at  500 
feet.  Strong  brine  was  found  in  descending  between  400  and  500  feet, 
but  the  amount  was  small.  By  shutting  off  the  gas  for  twenty  minutes, 
a  pressure  of  eleven  pounds  was  obtained. 

A  well  was  drilled  by  the  Ashtabula  Hide  and  Leather  Company 
two  years  since,  at  the  tannery  in  the  valley.  It  is  358  feet  deep,  and 
yields  a  small  supply  of  gas.  Gas  was  reported  at  nine  difierent  hori- 
zons as  the  drill  went  down.  A  '*  blower  "  of  large  volume  was  struck 
at  290  feet. 

Qerieva,, 

The  village  of  Geneva  and  its  vicinity  have  proved  an  excellent  field 
for  shale  gas.  Four  wells  drilled  here  in  1884  and  1885  showed  greater 
energy  than  any  others  along  the  lake  shore.  The  first  of  the  series 
was  drilled  a  mile  and  a  half  east  of  the  town  by  A.  D.  Myers,  Esq., 
for  the  supply  of  his  residence.  This  was  abundantly  successful  in  its 
search,  and  other  wells  were  forthwith  undertaken  in  the  town  proper. 
Two  wells  in  the  center  of  the  village,  belonging  respectively  to  W. 
H.  Munger,  Esq.,  and  the  Fountain  House,  came  next  in  order.  The 
former  was  counted  the  most  vigorous  of  the  series  when  visited  in 
1885.  Its  record  is  substantially  as  follows :  From  130  to  200  feet,  gas 
enough  was  obtained  to  supply  a  twenty-horse-power  boiler.  At  165 
and  also  at  260  feet,  a  little  salt-water  was  found.  It  occurred  in  both 
instances,  according  to  the  driller,  in  the  brown  sand.    It  is  claimed 
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that  a  few  quartz  pebbles  were  brought  up  in  the  oand  pump  from  this 
part  of  the  well.  The  well  was  cased  at  260  feet.  A  good  flow  of  gas 
was  found  at  660  feet,  and  valuable  additions  were  made  to  it  below. 
The  well  was  continued  to  1,375  feet,  the  entire  depth  being  gained  in 
seven  days'  drilling.  At  the  bottom  a  vein  of  gas  was  struck,  strong 
enough  to  blow  large  chips  to  the  surface.  The  shale  was  callod  black 
by  the  driller,  but  it  scarcely  deserves  the  name.  The  driller  reports  a 
large  amount  of  brown  sand  in  the  well,  but  samples  were  not  at  hand 
for  the  identification,  and  the  name  is  probably  applied  to  some  partic- 
ular phase  of  the  shale  in  this  region.  The  gas  shows  a  steady  pressure 
of  eighty-five  pounds,  and  the  supply  is  ample  for  a  number  of 
residences. 

The  Fountain  House  well  was  carried  down  to  a  depth  of  850  feet. 
It  was  cased  at  260  feet,  above  which  a  considerable  .flow  of  salt-water 
was  obtained.  At  600  feet  a  '^  blower"  of  gas  was  struck  that  lasted  for 
twelve  hours.  There  were  two  other .  noteworthy  gas  horizons,  and  a 
steady  pressure  was  maintained  in  the  well.  The  supply  is  ample  for 
the  use  of  the  hotel,  for  which  the  drilling  was  done. 

Other  wells  of  the  same  general  character  have  since  been  drilled 
in  Geneva,  and  the  fact  is  thus  thoroughly  established  that  an  invalu- 
able stock  of  buried  fuel  is  easily  accessible  here. 

The  record  of  a  single  well  drilled  at  Rock  Creek,  in  the  central 
part  of  the  county,  will  be  introduced  here.  The  well  was  drilled  by 
D.  B.  Du£f  and  Brother,  by  whom  the  record  was  kindly  furnished  for 
the  use  of  the  Survey.    It  is  as  follows : 

Shale,  mainly  light-colored 867  feet. 

Black  shale 126  " 

Light  Bhale 20  " 

Dark  shale 18  " 

light  Bhale 28  « 

Dark  ehale  22  " 

Light  shale 6  " 

Dark  shale 66  « 

Light  Bhale 80  « 

Dark  Bhale 95  *' 

light  Bhale 121  " 

The  last  general  division  of  the  alternating  bands,  which  makes  an 
aggregate  of  529  feet,  is  seen  to  be  nearly  half  light-colored  shale.  The 
production  of  gas  was  so  small  as  to  be  destitute  of  value.  The  best 
vein  was  struck  at  136  feet,  and  salt-water  came  in  at  the  same  level,  so 
that  it  was  necessary  to  set  the  casing  below  this  point.  The  well  was 
counted  a  failure. 

Numerous  other  wells  have  been  drilled  in  Ashtabula  county,  no 
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records  of  which  can  be  given  here.  Reference  is  made  to  some  of  these 
wells  in  Vol.  I,  Geology  of  Ohio,  page  875.  It  has  been  made  abund- 
antly clear  by  the  descriptions  already  given,  that  the  uppermost  1,000 
feet  of  the  stratified  rocks  of  Ashtabula  county  contain  a  vast  supply  of 
light  and  heat,  and  further,  that  this  supply  can  be  obtained  at  com- 
paratively small  expense.  The  accumulated  power  contained  in  the 
original  forests  of  the  country  would  make  but  an  insignificant  figure 
when  compared  with  that  to  be  derived  from  the  gas  which  the  under- 
lying rocks  contain.  These  great  stocks  of  light  and  heat  are  sure  to  be 
more  highly  valued  in  the  future,  when  other  supplies  become  scarcer 
and  more  costly.  There  is  no  doubt  that  it  will  all  be  sought  and  need. 
As  Newberry  suggests,  this  great  formation  is  also  available  for  a  supply 
of  petroleum  by  distillation. 

Lakb  County. 

A  few  facts  will  be  furnished  in  regard  to  the  gas-wells  that  have 
been  drilled  in  Lake  county.  Some  of  the  earliest  and  best-known  expe- 
rience in  the  state  in  the  utilization  of  natural  gas  is  derived  from  this 
county.  The  facts  are  of  the  same  character  as  those  already  given  in  the 
preceding  section,  all  the  geological  conditions  being  essentially  the 
same  as  in  Ashtabula  county.  Wells  have  been  drilled  in  Madison  and 
other  townships  along  the  lake  shore  with  fair  success,  but  of  which  no 
records  have  been  obtained. 

PainesvUle, 

Gen.  J.  S.  Casement  led  the-way  in  the  utilization  of  gas  in  Paines- 
ville,  and  probably  in  northern  Ohio.  His  first  well  was  drilled  in  1861, 
or  thereabouts.  Erie,  Pennsylvania,  had  already  drilled  and  turned  to  * 
account  a  considerable  number  of  wells,  and  the  example  was  sure  to 
be  followed  all  along  the  lake  shore,  but  the  beginning  of  this  utiliza- 
tion seems  to  have  been  made  at  Painesville.  The  first  of  the  Casement 
wells  was  700  feet  deep,  and  yielded  an  excellent  supply  of  gas  for  the 
residence  and  grounds  of  the  proprietor.  In  fact,  this  well  has  proved 
a  very  satisfactory  one.  It  has  needed  no  care  from  the  time  of  its 
drilling  to  the  present,  but  year  after  year  it  has  continued  an  unin- 
terrupted, though  not  undiminished,  fiow.  The  volume  has  no  doubt 
decreased  considerably  from  its  early  days,  and  at  the  present  time  the 
well  is  probably  producing  less  than  2,000  cubic  feet  per  day.  Such,  at 
least,  are  the  results  derived  from  the  somewhat  unsatisfactory  measure- 
ment by  the  anemometer  that  was  made  in  1886,  the  opportunity  for 
which  was  kindly  furnished  by  General  Casement.    The  supply  is  at 
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present  inadequate  in  the  severest  weather,  the  entire  demands  of  the 
house,  of  course,  being  included,  but  for  much  of  the  year  there  is  a 
considerable  surplus  unused,  which  shows  itself  in  a  back  pressure  of 
several  pounds  to  the  square  inch.  General  Casement  has  drilled  two 
other  wells  on  his  premises,  but  both  are  inferior  to  the  first  in  value. 

At  least  a  score  of  similar  wells  have  been  drilled  in  Painesville 
and  its  immediate  vicinity.  The  deepest  of  these  was  drilled  by  the 
late  Hon.  G.  W.  Steele  for  the  supply  of  his  residence.  It  was  carried 
down  to  a  depth  of  1,390  feet.  It  ended,  as  it  began,  in  the  shale  series. 
No  advantage  appears  to  have  been  gained  by  going  deeper.  The  supply 
of  gas  obtained  from  it  was  not  as  vigorous  as  that  derived  from  several 
other  wells  in  the  town.  Mr.  B.  K.  Paige  secured  an  excellent  and 
abundant  household  supply  from  a  well  drilled  on  his  premises  in  1886. 

So  far  all  the  wells  drilled  in  Painesville  have  produced  gas,  but  in 
some  of  them  the  daily  yield  is  very  small.  No  opportunity  for  measure- 
ment could  be  obtained,  except  in  the  cases  already  acknowledged. 
Judging  from  accounts  given,  and  the  facts  observed,  the  daily  produc* 
tion  of  these  wells  will  range  from  a  very  few  hundred  feet  to  a  few 
thousand  feet.  The  gas  has  not  energy  or  volume  enough  for  any 
general  application  or  use. 

Wilkmghby. 

At  Willoughby,  several  wells  have  been  drilled  and  utilized  within 
the  last  ten  years.  The  flow  has  proved  small  in  all  cases,  but  enough 
has  been  found  to  be  of  economic  value.  A  plan  not  found  in  operation 
at  other  points  along  the  lake  shore  has  been  adopted  here.  The  gas  is 
introduced,  as  delivered  from  the  well,  into  a  small  gasometer,  the 
capacity  of  which  is  two  or  three  thousand  cubic  feet.  In  this  way 
there  is  always  an  available  supply  to  be  drawn  upon,  and  the  well  that 
would  be  inadequate  to  meet  the  requirements  of  household  use,  if  left 
to  itself,  becomes  a  reliable  and  sufficient  supply  for  the  dwelling,  when 
prudently  managed  by  means  of  this  accumulation. 

The  remarks  made  under  the  preceding  section  as  to  the  available 
supplies  of  fuel  in  the  strata  of  Ashtabula  county,  can  be  applied  with 
equal  force  to  all  the  other  counties  in  the  lake  shore  tier  in  which  the 
shale  formation  is  found  in  full  development. 

Cuyahoga  County. 

Shale  gas-wells  can  be  counted  by  the  score  in  Cuyahoga  county. 
They  have  been  drilled  with  success  in  every  township  on  the  lake  shore, 
and  notably  in  the  city  of  Cleveland.    At  various  points  back  from  the 
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lake,  wells  have  also  been  drilled,  among  which  Berea  and  Independence 
may  be  especially  named.  In  Berea,  it  is  true,  the  famous  sandstone 
that  derives  its  name  from  the  town  is  found  in  the  geological  section, 
but,  as  has  been  previously  explained,  the  gas  obtained  from  the  wells  is 
all  shale  gas. 

The  experience  of  Cleveland,  and  its  immediate  vicinity,  can  be 
taken  as  fairly  representative  of  the  lake  shore  group.  The  general 
records  and  behaviour  of  twenty  wells  that  have  been  drilled  in  this 
city  were  obtained  in  1885.  Since  that  time,  a  considerable  addition 
has  been  made  to  the  number.  The  wells  on  the  west  side  of  the  river 
have,  as  a  rule,  proved  much  more  serviceable  than  those  on  the  east 
side,  but  no  wells  have,  so  far  as  known,  proved  entirely  unproductive. 

Numerous  thorough  tests  have  been  made  of  the  territory  on  the 
east  side  of  the  river  by  the  drilling  of  deep  wells,  in  addition  to  the  re- 
markable well  of  the  Cleveland  RoUing-Mill  Company  at  Newburg. 
Among  these  tests,  the  well  of  Mr.  J.  H.  Wade,  and  one  drilled  by  the 
Cleveland  Gas  Company,  deserves  special  mentions.  The  exploration 
made  by  Mr.  Wade  were  not  only  thorough,  but  so  careful  and  accurate 
an  account  was  kept  of  the  work  as  it  progressed  in  the  deepest  of  the 
three  wells  drilled  on  the  grounds,  that  it  becomes  altogether  the  most 
valuable  of  this  field  as  far  as  it  goes.  The  record,  which  is  supported 
and  confirmed  by  numerous  samples  of  drillings  from  the  entire  section, 
was  furnished  to  the  Survey  by  Mr.  Richard  Roberts,  under  whose  super- 
vision the  entire  work  was  carried  on.  The  well  is  located  on  the 
grounds  of  Mr.  Wade,  at  the  corner  of  Euclid  and  Case  Avenues,  and  is 
about  sixty  feet  above  the  surface  of  the  lake.  An  unusually  heavy 
deposit  of  drift  is  found  at  this  point,  as  is  seen  below  : 

Drift  beds 800  feet. 

Blue  shale 10  " 

Black  shale 40  " 

Dark  shale .,  25  « 

Dark  shale  (somewhat  lighter) 40  " 

Gray  shale 30  " 

Black  shale 10  " 

Gray  shale 186  " 

Black  shale  (containing  i^)9oran^itef) 16  *' 

Gray  shale 60  « 

Black  shale  (iS^an^ttes  abundant).. 15  ^ 

Gray  shale 86  " 

Black  shale - 55  " 

Gray  shale,  calcareous.. 80  " 

Limestone 60  " 

Limestone,  lighter  in  color 84  '* 

Dark  limestone 28  *' 
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The  interval  from  the  point  where  the  limestones  were  first  struck, 
to  the  bottom  of  the  well,  is  about  600  feet. 

The  well  was  cased  at  305  feet.  Small  gas  veins  were  found,  as 
usual,  in  the  shale,  the  first  of  them,  which  was  struck  at  400  feet,  being 
the  best.  At  1,120  feet,  three  feet  of  soft  sand  were  found,  and  a  fine 
sand  occurred  at  1,300  feet,  and  another  bed  at  1,370  feet.  The  first 
bed  is  near  the  place  of  the  Orishany  sandstone ;  the  second  is  near 
the  place  of  the  Sylvania  sandstone.  Salt-water,  strong  and  highly 
sulphuretted,  rose  to  nearly  the  top  of  the  well  from  these  hori- 
zons. The  well  was  plugged  to  shut  out  this  unfortunate  element. 
The  Upper  Helderberg  limestone  is  seen  to  lie  about  1,000  feet  be- 
low the  surface,  or  about  360  feet  below  tide.  Prom  Sandusky  this 
stratum  has  descended  nearly  900  feet.  The  well  was  not  an  entire  failare. 
It  yielded  and  continues  to  yield  a  small  amount  of  gas,  but  the  flow  is 
very  weak.  A  similar  line  of  facts  in  all  respects  is  found  in  the  two 
remaining  wells  that  were  drilled  upon  the  same  ground.  The  produc- 
tion of  all  three  is  quite  inadequate  to  the  demands  of  the  residence, 
but  all  there  is  of  it  is  utilized.  The  second  well  was  carried  to  a  depth 
of  1,125  feet,  and  the  third,  to  1,739  feet. 

The  Cleveland  Gas  Company  drilled  a  well  in  the  central  part  of 
the  city  to  a  depth  of  2,200  feet  a  few  years  since,  but  no  valuable  supply 
of  gas  was  developed  in  it.  The  drill  entered  limestone  at  about  1,000 
feet,  and  scarcely  emerged  from  it  in  the  further  course  of  the  work.  A 
few  sheets  of  sandstone  were  found  interpolated  in  the  great  limestone 
series  in  the  same  order  that  has  been  previously  described  in  the  account 
of  the  deep  Newburg  well. 

A  well  recently  drilled  on  Euclid  avenue  famishes  a  peculiar  record. 
At  140  feet  a  bed  of  bowlders  was  struck,  which  was  afterwards  found  to 
be  fifteen  feet  thick  and  resting  on  the  shale.  This  bowlder-deposit 
proved  a  reservoir  of  high-pressure  gas.  The  force  was  great  enough  to 
throw  stones  as  large  as  the  pipe  could  carry  out  of  the  six-inch  pipe. 
The  storm  abated  in  five  days,  so  that  drilling  could  be  proceeded  with. 
At  400  feet,  a  good  vein  of  shale  gas  was  struck.  The  well  was  located 
by  Charles  Latimer,  E?q.,  with  the  divining  rod. 

Brooklyn  Village. 

As  before  stated,  much  better  results  are  obtained  on  the  west  side 
of  the  city  than  on  the  east  side,  or  in  the  central  parts,  already  described. 
'  There  are  numerous  wells  in  this  district  that  are  found  entirely  ade- 
quate to  household  supply.  The  best  case  for  description  is  the  well 
of  Hon.  J.  M.  Poe,  near  Brooklyn  village,  five  miles  from  the  public 
square.    It  is  located  in  the  valley  of  Big  Run,  from  the  shaly  floor  o 


SHAIiE  GAS.  431 

which  gas  has  been  escaping  for  an  indefinite  period.  The  well  was 
drilled  in  1885,  and  is  1,038  feet  deep.  In  descending,  more  than  a  score  of 
separate  gas  veins  were  struck.  The  gas  was  invariably  found  in  light- 
colored  and  rather  hard  bands,  under  which  darker  layers  of  shale  are 
found.  The  last  200  feet  of  the  well  were  in  light-gray  shale,  called 
white  by  the  driller. 

There  were  two  "  blowers  "  struck,  one  at  600  and  a  second  at  760 
feet.  The  latter  had  unusual  vigor.  It  is  said  to  have  lifted  the  tools 
entirely  out  of  the  well,  but  like  other  accumulations  of  this  sort,  it 
proved  short-lived,  and  two  days  made  the  limit  of  its  active  demon- 
strations. Salt-water  was  found  at  125  feet,  but  the  vein  was  weak  and 
made  but  little  trouble.  Such  occurrences  are  not  at  all  unusual  in  the 
wells  of  this  vicinity.  The  well  was  cased  to  160  feet.  When  examined, 
a  few  weeks  after  its  completion,  the  gas  was  still  escaping  uncontrolled. 
The  volume  of  the  flame  was  considerable,  but  an  anemometer  measure 
indicated  less  than  2,000  cubic  feet|per  day.  The  well  has  since  been 
connected  with  Mr.  Poe's  residence,  and  has  proved  ample  for  all 
demands. 

The  cases  now  given  furnish  a  fair  representation  of  the  facts  as 
they  are  found  in  and  immediately  about  Cleveland. 

Indqi)endence, 

At  Independence  several  wells  have  been  drilled  to  considerable 
depths  within  the  last  few  years.  Some  of  them  were  sunk  twenty 
years  in  the  search  for  oil,  and  several  within  the  last  year  or  two.  A 
company  from  Wellsville,  New  York,  did  the  last  drilling  here  in  1885. 
The  well  sunk  by  this  company  is  said  to  be  1,800  feet  deep,  but  the 
record  was  not  made  public.  There  is  nothing  to  warrant  the  belief 
that  there  was  anything  of  value  to  conceal.  The  drill  is  said  to  have 
reached  the  limestone  at  a  depth  of  about  1,400  feet.  The  only  result 
that  was  certain  at  this  point  in  the  scale  followed  in  due  time,  namely, 
salt-water,  which  was  said  to  have  almost  filled  the  well.  When  the 
drill  was  in  the  shale,  small  volumes  of  gas  were  set  free,  as  usual.  The 
well  was  undertaken  in  the  search  for  oil,  but  apparently  without  due 
knowledge  of  the  geological  facts  involved. 

Bochy  River 

Several  wells  have  been  drilled  within  the  last  two  years  in  the 
region  of  the  Rocky  River,  or  in  the  country  immediately  tributary  to 
it.  Mr.  J.  M.  Gasser  drilled  two  or  more  wells  at  Riverside  Station  for 
the  supply  of  his  green-houses,  but  the  amount  of  gas  obtained  was  en- 
tirely inadequate  for  the  purpose  named. 
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Other  wells  have  been  drilled  in  the  same  neighborhood,  and  the 
results  are  similar  to  those  last  recorded.  No  well  misses  gas  altoge- 
ther, and  none  obtain  a  really  important  amount. 

Rockport  Tovmahiy, 

Further  up  the  valley,  but  in  the  same  township,  namely.  Bock- 
port,  several  very  successful  wells  were  drilled  in  1885.  Reference  has 
already  been  made  to  one  of  them,  namely,  the  well  of  H,  A.  Mastick^ 
Esq.,  in  section  9,  near  the  Red  Bridge.  This  well  is  located  on  a  low 
uplift  of  the  kind  that  so  often  traverses  the  shales  in  this  vicinity. 
Along  this  break,  gas  has  flowed  from  time  immemorial.  It  rises 
through  the  water  at  some  points,  preventing  freezing  in  winter,  or 
escaping  through  the  soil,  it  destroys  vegetation  for  small  areas  around 
the  vents.  The  direction  of  the  arch  is  north  40^  east,  and  the  amount 
of  the  uplift  in  the  portion  of  the  ehales  that  are  exposed  is  about 
eight  feet.  Mr.  Mastick  drilled  his  well  at  the  point  where  the  gas 
was  escaping  most  freely,  and  consequently  found  gas  from  the  start. 
The  amount  was  increased  by  small  additions  from  many  points  as  he 
descended.  At  400  feet,  however,  he  found  a  large  vein,  and  another 
still  larger  at  500  feet.  The  last  was  particularly  energetic  when  first 
struck.  It  threw  the  water  and  drillings  from  the  well  to  a  height  of 
eighty  feet.    The  section  of  the  well  is  as  follows  : 

Soil 5 

Gray  shale 200 

Dark  shale 200 

Alternating  bands  of  dark  and  light ^  122 

Depth  of  the  well 627 

The  last  accession  of  gas  came  from  the  light-colored  bands,  which 
seemed  to  act  as  a  sort  of  reservoir.  This  observation,  indeed,  applies 
to  the  entire  district.  A  trifling  amount  of  salt-water  was  found 
near  the  surface,  and  it  is  said  that  along  the  line  of  this  uplift  weak 
brine  has  always  been  escaping,  forming  one  of  the  ^'deer-licks'*  of 
early  days.  The  well  was  almost  entirely  free  from  water,  and  but  forty- 
five  feet  of  casing  were  used  in  it. 

The  flow  of  gas  was  measured  a  few  weeks  after  the  well  was  com* 
pleted,  and  the  daily  volume  escaping  from  the  casing  was  found  to  be 
21,643  cubic  feet.  Several  other  wells  on  adjacent  farms  have  been 
nearly  or  quite  as  successful  as  the  Mastic,  well.  They  seem  to  have 
authenticated  a  generous  supply  of  gaseous  fuel  for  the  neighborhood 
in  which  they  are  drilled.  The  facts  as  to  the  occurrence  of  the  gas 
correspond  in  all  respects  with  the  records  above  given. 
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Several  wells  have  recently  been  drilled  at  and  near  Berea,  a  brief 
account  of  which  will  here  be  given.  All  derive  their  gas  supply  from 
the  Ohio  shale,  into  which  they  descend,  although  the  famous  sandstone 
that  takes  its  name  from  Berea  makes  the  surface  rock  throughout  the 
territory  to  which  they  belong.  In  some  cases,  however,  the  sandstone, 
though  due,  is  wanting  in  the  well  sections,  having  been  removed  by 
pre-glacial  erosion. 

The  first  of  these  wells  to  be  described  is  the  one  drilled  by  Mr.  A. 
W.  Bishop,  at  his  residence  in  the  village.  The  record  of  the  well  was 
carefully  kept,  and  is  attested  by  samples  that  were  saved  in  the  course 
of  the  work.    It  is  as  follows : 

Drift  bed8{gJi4^^J^^y-""^         '^*- }  %i  feet. 

Berea  grit.. -      65    ** 

Light-colored  soapbtone,  aoft...  16  feet ' 

Hard  sand-rock 8  ** 

light-colored  Boapstone,  soft...    4  *'      -  (Bedford  shale) 124  feet 

Red  shale 82  " 

•       White  slate 15  "     . 

Brown  soapetone 55  feet.  1 

Dark  shale 20  ** 

Light-colored  slate 850  " 

Dark  slate 155  " 

White  elate 80  " 

Black  shale 45  " 

White  BoaiMton^ 25  '* 

Black  shale * a5  " 

Light  soapstone 80  " 

Black  shale 80  '* 

Light  soapstone 15  *' 

Bl^ck  shale  80  « 

Light  soapstone 215  '' 

White  shale,  hard  15  " 

Black  shale 15  " 

White  shale,  gas 20  " 

Black  shale 85  " 

The  Upper  Helderberg  limestone  was  struck  at  1,320  feet,  and 
drilled  into  fifteen  feet.  Total  thickness  of  the  well,  1,335  feet.  From 
the  Berea  grit  to  the  Upper  Helderberg  limestone,  the  interval  here  is 
1,244  feet.  A  question  may  be  raised,  however,  as  to  the  exact  base  of 
the  Berea.  The  alternation  of  the  shales  above  noted  and  the  approxi- 
mate thickness  of  the  different  elements  can  be  learned  from  the 
section,  but  the  exact  thickness  of  each  element  was  not  an  object  of 
curiosity  on  the  part  of  the  driller,  and  the  facts  are  given  in  round 
numbers,  as  is  obvious  from  the  record.  The  driller  distinguished  shale, 
slate  and  Soapstone  by  the  test  of  hardness.  The  plastic  shales  he  called 
soapstone,  and  the  hardest  and  firmest  shales  at  the  other  extreme  in 
this  respect  make  the  slates  of  this  record.  Gas  was  found  in  this  well 
28        G. 


(Ohio  shale) 1,120  feet. 


434  GEOLOGY    OF    OHIO. 

at  600  and  at  775  feet,  and  also,  as  noted  in  the  record,  near  the  bottom 
of  the  shale.  But  the  supply  is  in  fact  quite  small,  all  of  it  being 
used  in  a  single  residence  without  meeting  even  then  the  entire 
demands. 

The  well  is  now  owned  by  the  Berea  Pipe  Line  Company,  a  corpo- 
ration formed  in  1886  to  drill  wells  and  supply  gas  to  the  town.  This 
well  is  No.  1  of  the  new  company.  Eight  wells  have  been  drilled  in 
all,  or^at  least  begun  by  the  company.  Numbers  2  and  8,  which  were 
drilled  in  the  valley  of  the  Rocky  River  to  the  depth  of  980  and  735 
feet,  respectively,  were  failures,  Nos.  4,  5,  6,  7  and  8  are  located  about 
two  and  a  half  miles  northeast  of  the  town,  near  a  marsh  called  Lake 
Abram,  where  the  surface  indications  of  gas  have  always  been  con- 
spicuous. 

The  pre-glacial  valley  of  the  Rocky  River  passes  between  the  town 
and  the  most  easterly  of  these  wells.  Well  No.  7  was  located  in  the  old 
channel,  and  the  drift  has  been  penetrated  120  feet  without  reaching 
the  bottom.  Great  difiQculty  has  been  experienced  in  driving  the  pipe 
thus  far.  The  old  channel  has  now  been  traced  and  mapped  out  from 
this  point  to  Lake  Erie,  by  Dr.  D.  T.  Gould,  of  Berea.  Its  existence 
had  already  been  recognized  by  Newberry,  and  a  small  portion  of  its 
course  was  pointed  out  by  him.  To  the  completion'^of  this  work.  Dr. 
Gould  has  brought  not  only  enthusiasm,  but  true  geological  sagacity  as 
well.  Of  this  eastern  group  of  wells,  Nos.  4,  5,  7  and  8  are  productive, 
the  last  being  more  than  equal  to  all  the  rest.  Well  No.  4  made  a  much 
greater  display  when  first  drilled  than  any  of  the  rest,  but  af(er  burning 
two  or  three  weeks  it  was  flooded  during  a  heavy  rain-storm,  and  the 
water  lay  upon  the  gas  rock  for  two  months.  Under  this  invasion  the  gas 
was  gradually  suppressed,  and  when  the  water  was  finally  removed,  the 
gas 'was  found  to  be  quite  Jeeble.    The  record  of  this  well  is  as  follows : 

Drift,  day  and  sand.. 60  feet 

Bedford  shale,  red " 

Small  gas  veins  at .- 63, 100,  and     160  ** 

Strong  gas  vein  at 280  *' 

Small  gas  vein  at -     800  " 

Small  gas  vein  at 340  " 

Light-brown  shale 600  " 

Strong  gHB  at 673  " 

Liifht-blue  shale 846  <* 

Strong  gas  in  black  shale 850  " 

Qray  shale  beginning  at 850  '* 

Black  shale 

Upper  Helderberg  limestone 1,206  '* 

Well  finished  at 1,240  " 
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The  record  of  No.  8  is  as  follows : 

Drift. 21  feet 

Small  gas  veins  at. 100,  leo,  S40,  and  810  <* 

Stronger  vein  at 350  ** 

Small  gas  vein  at ^  610  ** 

Shale  changed  to  dark-brown  at 510  *' 

Light-bloe  shale  at ^  875  " 

Dght-blue  shale .^. -  900  ** 

Well  finished  in  dark  shale ^  960  *' 

No.  7  was  drilled  300  feet  into  the  limestone,  but  no  advantage  was 
derived  from  going  below  the  shale.  The  Rtrosgest  supply  of  gas  seems 
to  come  from  the  points  where  changes  occur  in  the  shales  and  between 
800  and  900  feet.    The  darker  beds  seem  most  productive  of  gas. 

The  production  of  four  of  these  wells  was  measured  on  October  16 
1886,  with  the  anemometer.  Well  No.  4  was  found  to  be  producing 
from  a  2f -inch  pipe,  inside  measure,  52,000  cubic  feet  per  day.  No.  5  was 
found  to  be  producing  8,000  cubic  feet  per  day,  and  No.  7,  11,000.  The 
flow  from  No.  8,  through  the  same  sized  pipe  used  in  the  other  wells, 
was  99,475  feet,  but  from  the  casing  of  the  well  the  flow  was  at  the 
rate  of  127,000  cubic  feet  per  day.  The  aggregate  production  from  the 
2f-inch  pipes  is  170,000.  The  company  has  proceeded  to  pipe  the  gas 
from  these  wells  to  the  village,  using  four-inch  pipe  in  the  mains.  The 
results  were  counted  satisfactory  at  the  date  of  the  last  report. 

The  pressure  of  the  wells  has  been  found  to  be  different  on  different 
days.  Observations  were  made  by  the  officers  of  the  company  on  Oc- 
tober 8th,  and  again  on  October  13th,  and  the  records  are  as  follows  : 

WeU  No.  4. 

October  8Ui  October  18th. 

}  lb.   in    1  minnte.  }  lb.   in    }  minute. 

1}  lbs.  in    8  minntes.  1    lb.   in    |  minnte. 

2    lbs.  in    7  minutes.  IJ  lbs.  in  1    minnte. 

8    lbs.  iu  10  minutes.  8    lbs.  in  1)  minntes. 

4    lbs.  in  2    minutes. 
6    lbs.  in  2}  minntes. 

WeU  No.  5. 

October  8tb.  October  18th. 

i  lb.  in  2i  minntes.  i  lb.    in    2  minntes. 

1    lb.  in  7    minntes.  1    lb.    in    5  minutes. 

6    lbs.  in  24  mHikutes. 

Wdl  No.  7. 
October  8th.  October  18th. 

1  lb.    in    8  minntes.  1  lb.    in    3  minutes. 

2  lbs.  in  6  minntes.  2  lbs.  in  6  minutes. 
8  lbs.  in  7  minutes.  8  lbs.  in  7  minutes. 
6  lbs.  in  10  minutes.  6  lbs.  in  10  minutes. 
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Well  No.  8. 

October  8ih.  October  18th. 

8  lbs.  in    1  minate.  8  lbs.  in  1    minate. 

20  IbB.  in    4  minates.  20  lbs.  in  8}  minutes. 

25  lbs.  in    6  minutes.  25  lbs.  in  5    minutes. 

85  lbs.  in  10  minutes.  85  lbs.  in  9    minutes. 

By  reference  to  the  weather  records  for  these  days  it  was  found  that 
the  barometer  was  30.25  in.  on  the  8th,  and  on  the  13th,  30  06  inches.  A 
connection  between  barometric  changes  and  the  flow  of  gas  wells  is  very 
often  asserted  and  insisted  upon  by  practical  men  in  charge  of  the  wells, 
but  the  figures  above  given  are  the  first  that  it  has  been  possible  to  ob- 
tain that  show  any  relation  between  the  two  lines  of  facts.  The  con- 
nection in  this  instance  may  be  purely  accidental,  but  the  subject  is  of 
interest  enough  to  justify  publication  of  these  observations.  The  desira- 
bility of  more  facts  of  this  character  is  obvious. 

LORATN    COUKTY. 

•All  the  wells  that  have  been  drilled  for  gas  or  oil  in  Lorain  county 
belong  to  the  division  which  is  under  consideration.  The  only  gas  found 
here  comes  from  the  great  shale  formation,  although  there  is  a  large 
district  in  which  the  IJerea  grit  either  makes  the  surface-rock,  or  else 
is  found  under  shallow  cover.  Lorain  county,  in  fact,  holds  the  most 
valuable  deposit  of  this  formation  of  any  county  in  the  state.  At  Bel- 
den,  as  already  shown,  this  stratum,  a  few  years  since,  proved  to  be  an 
oil-rock  of  small  capacity  and  value,  but  its  production  is  now  entirely 
suspended. 

The  number  of  wells  that  has  been  drilled  in  this  county  is  large. 
More  or  less  exploration  has  been  going  forward  since  1865.  The  surface 
indications  of  oiland  gas  that  belong  to  the  shales  generally,  are  re- 
sponsible for  the  earliest  work  that  was  done  in  this  field  ;  but  these 
indications  were  misleading  in  every  case,  so  far  as  oil  is  concerned,  for 
reasons  that  we  can  now  very  well  understand.  At  the  present  time, 
these  same  indications  are  again  made  to  serve  as  the  basis  of  extrava- 
gant expectations  of  high-pressure  gas  at  many  points  in  the  country. 
It  is  needless  to  say  that  such  expectations  are  doomed  to  disappoint- 
ment. We  are  warranted  in  declaring,  after  all  the  work  that  has  been 
done  in  this  formation,  that  it  nowhere  contains  in  Ohio  stocks  of  high- 
pressure  gas,  aside  from  the  short-lived  '* blowers,"  the  occurrence  of  so 
many  of  which  has  already  been  chronicled.  These,  it  is  to  be  under- 
stood, are  likely  to  be  found  at  any  point  in  the  series,  but  they  are  of 
no  value,  either  in  themselves,  or  as  indications  of  large  and  permanent 
supplies.    Demands  that  are  made  upon  the  shales  for  what  they  have 
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to  give,  are  fairly  honored ;  but,  too  often,  the  formation  is  expected  to 
give  what  it  never  had,  namely,  accumulations  of  gas  on  the  large  scale 
that  are  durable  enough  to  repay  utilization. 

Sheffidd. 

The  record  of  the  well  drilled  at  Sheffield,  on  the  lake  shore,  a  num- 
ber of  years  since,  by  Jay  Terrell,  Esq.,  is  given  herewith.  The  well 
was  begun  in  black  shale : 

Black  shale  ...- ^ 280  £e«t 

Light blae  and  gray  shales.. 110  " 

Light-gray  shale,  soft  ...: 16  " 

Black  shale,  very  hard - i 10  " 

Reddish-brown  shale 84  *' 

Black  shale,  hard 10  " 

Light-gray  shale,  soft 40  " 

Dark-gray  shale ~  26  '' 

Darker  shale 23  " 

Dark  impure  limestone,  filled  with  minute  shells  of  pyrite 17  '* 

Soft,  light-Kray  shale - 18  " 

Dark-gray  shale 41  " 

Total 674    " 

Gas  was  found  all  the  way  down  in  the  shale  series.  Following  the 
record  above  given,  182  feet  of  limestone  were  next  penetrated.  The 
limestone  wa^  in  various  shades  of  color  and  hardness.  Salt-water  was 
struck  at  689  feet  in  its  upper  beds,  and  continued  from  this  point  down 
as  far  as  720  feet.  The  well  was  drilled  for  oil,  and  was  a  failure  in  that 
respect.  A  trace  of  oil  was  found,  such  as  very  often  occurs  in  the  shales. 
The  limestone  was  full  of  salt-water,  and  that  only. 

Brownhelm. 

A  well  was  recently  drilled  for  gas  in  Brownhelm  Hollow,  in  the 
valley  of  the  Vermillion  River,  by  S.  H.  Bacon,  Esq.  The  special  object 
of  drilling  the  we^U  was  to  obtain  a  supply  of  gas  for  steam-power,  to  be 
used  in  the  flouring-mill  that  is  located  here.  The  record,  as  kept  by 
the  driller,  Mr.  Charles  Keith,  is  as  follows : 

Shales,  mixed  black  and  blue 60  feet 

Shales,  black  or  brown .* 90  " 

(Gas  and  brine  at  160  ft.) 

Black  shale SO  « 

Blue  and  soft  shale 80  " 

Brown  shale 6  " 

Blue  and  brown  shale,  mixed ^ 27  " 

Blae  shale 8  « 
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Very  dark  sbale  -     40  feet. 

Reddish-brown  shale 30    *' 

Blue  shale. 6    " 

Slate  mixed,  blue  and  brown 53    ** 

"Soapstone" ^ 100    " 

At  520  feet  the  Upper  Helderberg  limestone  was  reached,  and  drill- 
ing WAR  continued  in  it  for  220  feet.  The  uppermost  50  feet  proved 
very  hard.  The  shales  yielded  a  little  gas.  When  :the  well  is  locked 
in,  the  pressure  rises  to  a  maximum  ol.l5  pounds  to  the  square  inch, 
but  the  gas  does  not  escape  in  large  enough  volume  to  move  the  anemom- 
eter, either  from  the  casing  or  from  the  pipe.  This  fact  is  significant  in 
connection  with  the  mode  of  estimating  the  production  of  wells  by  their 
pressure.  If  the  yield  were  even  1,000  cubic  feet  per  day,  it  is  probable 
that  the  anemometer  would  register  it,  especially  from  a  two-inch  pipe. 
According  to  the  empirical  rule  that  was  stated  on  a  preceding  page,  but 
which  was  promptly  rejected,  the  yield  of  the  well  ought  to  be  22,500 
cubic  feet  per  day.  The  largest  volume  of  gas  found  in  the  well  came 
in  at  152  feet,  but  as  it  was  accompanied  by  oil  and  salt-water,  it  was 
necessarily  excluded  by  the  casing,  which  extends  to  190  feet.  A  little 
salt-water  was  also  found  lower  in  the  well  and  presumably  in  the  lime- 
stone series. 

In  the  valley  near  by,  gas  is  continually  issuing  through  the  water 
from  the  joints  and  fissures  of  the  shale,  which  makes  the  bed  of  the 
river  at  this  point.  There  is  nothing  obvious  at  these  points  in  the  way 
of  arches  of  the  strata  of  any  persistency  or  of  notable  proportions,  but 
the  same  uneasy  disposition  of  the  strata  that  has  been  described  in 
connection  with  so  many  exposures  in  northern  Ohio,  is  also  found  here. 

Lorain. 

Several  deep  wells  have  recently  been  drilled  at  Lorain,  and  all  have 
been  successful  in  their  search  to  the  extent  of  finding  gas,  at  least  in 
small  quantity.  The  last  well,  drilled  on  the  grounds  of  the  brass  works, 
is  said  to  be  the  largest  producer.  The  shales  come  to  the  surface  here, 
being  covered  with  a  very  thin  layer  of  soil,  or  drift  deposits,  at  most. 
The  series  is  about  900  feet  thick,  as  is  proved  by  the  drilling  of  the 
second  well,  sunk  by  Gilbert  Hogan,  E^q.  The  first  is  between  900  and 
1,000  feet  deep.  It  descends  far  enough  into  the  Devonian  or  Upper 
Helderberg  limestone  to  reach  the  peculiar  mineral-water  that  charac- 
terizes these  deep  horizons.  The  composition  of  the  water  is  seen  in 
the  accompanying  analysis  made  for  the  Survey :     (^Lord.) 


SHALE  GAS.  439 

P»rtf  in  one 
thousand. 

Chloride  of  caldam 87.870 

Chloride  of  magnesium 22.430 

Chloride  of  sodiam 48.699 

Chloride  of  potasdam 1.460 

Bromide  of  sodiam 0.601 

Sulphate  of  lime 0.712 

Carbonate  of  lime 1.210 

Iron,  alumina  find  silica '. 0.064 

Specific  gravity  of  the  water  at  60  F.,  1.0837. 

The  water  rises  to  within  fifty  feet  of  the  surface,  and  the  well,  also' 
yields  a  small  j9ow  of  gas  derived  from  the  shales.  Mr.  Hogan  has  al- 
ready made  provision  to  utilize  the  water  for  medicinal  purposes  on  the 
large  scale.  He  has  built  thoroughly  equipped  bathing-rooms,  and  a 
hotel  is  in  process  of  construction.  The  heat  for  the  bathing-rooms  is 
supplied  by  the  gas  of  the  well.  The  Devonian  Spring,  as  the  estab- 
lishment is  appropriately  named,  is  already  acquiring  a  reputation  for 
the  cures  that  are  worked  by  it.  It  is  not  to  be  doubted  that  water  of 
the  character  named  ab^ve  can  be  made  to  relieve,  under  proper  medical 
direction  and  control,  many  human  infirmities  and  ailments. 

Erie  and  Huron  Counties. 

Considerable  drilling  has  been  done  in  the  shale  formation  of  Erie 
county,  especially  in  the  valley  of  the  Vermillion  River,  within  the  last 
twenty  years,  and  the  facts  in  this  region  are  well  shown  in  the  drilling 
that  has  recently  been  done  in  Brownhelm  Hollow,  which  is  described 
on  the  preceding  page.  The  shales  are  rapidly  reduced  in  thickness,  as 
they  are  followed  westward  to  their  final  outcrop  near  Sandusky,  and 
the  chances  for  the  low-pressure  gas,  that  belongs  in  this  series,  are 
correspondingly  decreased.  An  account  has  already  been  given  in 
another  chapter  of  the  deep  wells  drilled  at  Milan,  in  1885.  and  at  San- 
dusky, in  1886.  Another  well  of  the  same  character  ie  now  being 
sunk  at  Birmingham.  The  shale  gas-wells  appear  to  be  mostly  found 
in  the  eastern  half  of  the  county.  No  detailed  statements  are  needed 
in  regard  to  them.  The  facts  are  altogether  similar  to  those  already 
giveif  from  adjoining  counties. 

MonroemUe. 

A  well  drilled  at  Monroeville,  in  June,  1887,  found  a  vein  of  gas  in 
the  lower  part  of  the  great  shale  series,  of  which  the  promise  was  bril- 
liant, but  the  performance  disappointing.  It  yielded  a  considerable 
volume*  of  gas  at  good  pressure  for  a  few  days  and  then  died  down  to 
s  mall  proportions. 
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The  record  of  the  well,  as  furnished  by  Mr.  6.  W.  Drake,  is  as  fol- 
lows, viz. : 

Blue  shale,  dark 20  feet 

Black  shale,  yielding  gas 84    ** 

Hard  limestone  (pepper  and  salt  rock) ~      8    *' 

White,  soft  shale,  with  gas 50    " 

Hard-shale,  light-colored ^    15    *' 

Light-colored  limestone,  very  hard 200    " 

The  well  was  carried  deeper,  but  the  subsequent  records  have  not 
come  to  hand.  Nothing  of  value  has  been  reported  since  the  shales 
were  passed. 

New  London. 

At  New  London,  Huron  county,  a  well  has  recently  been  sunk 
to  the  limestone,  which  was  reached  at  998  feet, .  or  18  feet  below 
tide-level.  The  record  of  the  drilling  is  as  follows:  Drift,  90  feet, 
comprising  blue  clay,  40  feet;  sand  and  gravel,  50  feet;  Cuyahoga 
and  Berea  shale,  75  feet ;  Berea  grit  struck  at  165  feet,  or  815  feet  above 
tide,  83  feet  thick,  in  two  division?,  52  feet  of  fine-grained  sandstone,  and 
31  feet  of  so-called  water-sand.  At  two  foet  in  the  stratum  a  large  amount 
of  fresh- water  was  found.  Salt-water  was  struck  lower  in  the  rock.  The 
well  was  cased  at  260  feet«  The  Bedford  shale  was  95  feet  thick,  and 
red  throughout.  The  Ohio  shale  was  struck  at  355  feet.  The  upper 
beds  were  blue.  To  451  feet,  the  color  grew  constantly  darker,  but  it 
turned  light  at  this  point,  and  thenceforth  alternated  between  blue  and 
black  beds  to  the  depth  of  900  feet,  where  the  shale  became  quite  light, 
being  reported  white  shale  by  the  driller.  The  limestone  series  was 
reached,  as  above  stated,  at  998  feet.  The  interval  from  the  Berea  grit  to 
the  limestone  is  here  833  feet.  The  well  is  exceptional  in  this  respect, 
that  it  produced  neither  gas  nor  oil  in  appreciable  quantity.  There  is  not 
often  a  complete  failure  within  the  geological  limits  here  traversed.  A 
bed  of  sharp  and  clean  sand  was  found  in  the  drift  directly  under  forty 
feet  of  boulder  clay.  This  sand  contained  a  small  quantity  of  oil,  which 
must  have  ascended  to  it  from  the  underlying  Berea  shale.  The  cur- 
rents of  high-pressure  gas  at  Wellington  in  the  bed  of  the  samet^reek, 
and  in  like  situation,  will  be  remembered.  It  thus  appears  that  in  this 
region  there  is  an  oil  and  gas-sand  in  the  drift  deposits  under  only  40 
feet  of  cover. 

Noncalh, 

A  citizens'  well  is  now  being  drilled  at  Norwalk,  the  record  of 
which  to  September,  1887,  has  been  kindly  furnished  by  Mr.  C.  H. 
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Gallup.  The  record  consists  in  drillings  saved  with  intelligent  care 
and  duly  authenticated.  From  it  the  following  order  of  formations  is 
deduced : 


Drift.. 85  feet. 

r  Shale,  mainly  black...  203  feet ) 
Ohio  8hale{  Dark  limeBtone 10    "     [ 855    *• 

(Shale,  light-colored...  142     "     j 

Devonian  limestone 110  ^ 

Lower  Helderberg  limestone. 

(Gypsum  at  600, 800, 1,153  feet,  etc.) «  615  " 

Niagara  limestone 215  ** 

Niagara  shale 25  *^ 

Clinton  series 123  " 

Medina  shale 242  " 

Hudson  River  shale  (to  date) 534  " 

The  well  is  directed  to  the  Trenton  limestone,  which  should  be 
reached  between  2,650  and  2,750  feet. 

The  record  above  given  is  the  most  satisfactory  that  has  yet  been 
obtained  of  this  part  of  our  scale  in  northern  Ohio.  No  important  flow 
of  gas  has  been  re|>orted  from  the  well  thus  far. 

Central  and  Southern  Counties. 

From  the  above-named  counties  southward,  no  use  has  been  made 
of  the  shale-gas,  so  far  as  is  known,  except  at  the  points  already  named 
in  a  previous  chapter,  namely,  Shelby  and  Crestline.  The  use  at  these 
points  has  been  small,  at  best,  and  but  for  short  periods;  but  the  fact  of 
the  presence  of  an  available  supply  in  these  localities  is  established  by 
this  experience.  It  is  doubtful  whether  the  structure  of  the  shales  is 
as  much  broken  or  disturbed  in  central  and  southern  Ohio  as  in  the 
northern  part  of  the  state.  Certainly  the  indications  of  gas  are  less 
frequent  and  less  promising  than  in  the  former  district.  They  are, 
however,  common  enough  even  here  to  have  led  to  many  attempts  to 
find  supplies  of  gas  or  oil  in  this  horizon,  especially  during  the  last  two 
or  three  years.  Gas  has  been  found  in  small  volume  at  very  many  locali- 
ties within  the  district  now  under  consideration.  Wells  drilled  at  Sunbury, 
Westerville,  Canal  Winchester  and  other  towns,  owe  what  gas  they  found 
to  the  shales.  Monotonous  and  uninterrupted  dip  is  unfavorable  to  ac- 
cumulation, as  has  often  been  pointed  out  in  the  preceding  pages  of  this 
report;  and  it  is  to  these  conditions,  perhaps,  that  most  of  these  failures 
are  due.  In  the  southern  counties,  the.  shales  were  tested  at  many 
points  in  the  petroleum  excitement  of  twenty  years  ago ;  and  the  dis- 
covery of  veins  and  *^  blowers"  of  gas  was  made  in  many  of  these  fields-, 
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but  as  oil  was  the  object  of  search  at  that  time,  no  especial  interest  was 
attached  to  the  p^as  production.  It  is  not  to  be  doubted  that  Ross,  Pike 
and  Scioto  counties  will  supply  from  this  source  a  large  amount  of  light 
and  fuel,  in  time  to  come,  if  proper  conditions  for  the  search  are  found 
and  observed.  The  entire  shale  formation  is,  however,  reduced  in  these 
same  counties  to  its  lowest  terms  for  the  state  of  Ohio,  and  less  is  to 
be  expected  of  it  here  on  this  account.  The  great  service  of  the  shales 
in  the  way  of  petroliferous  production,  whether  of  oil  or  gas,  is,  after 
all,  not  in  outcrop,  but  under  cover,  and  where  the  appropriate  reser- 
voirs are  present  to  do  the  all-important  work  of  storage  and  accumu- 
lation. 


THE  HISTORY  AND  DEVELOPMENT  OF  THE  MACKSBURG 

OILFIELD. 


By  F.  W.  MiNSHALL. 


DISCOVERY  OF  PETROLEUM  IN  OHIO,  1860  TO  1864. 

Although  the  quantity  of  petroleum  thus  far  obtained  from  the 
sandstones  of  Carboniferous  and  Subcarboniferous  age  in  southeastern 
Ohio  is  insignificant  when  compared  with  the  yield  from  the  deeper 
sandstones  of  Pennsylvania,  a  history  of  this  branch  of  mining  indus- 
try, it  is  hoped,  may  be  interesting  to  the  general  reader,  and  may, 
also,  reveal  some  points  that  will  be  valuable  in  the  future  development 
of  the  resources  of  the  state.  Over  forty  years  ago,  long  before  the  idea 
of  drilling  for  petroleum  had  occurred  to  CoL  Drake,  or  to  any  one  else, 
the  oil  was  collected  from  the  sand-pits  of  Hughes  River,  in  West 
Virginia,  and  sold  as  '*  Seneca  OiP'  to  Messrs.  Bosworth  &  Wells,  in 
Marietta,  Ohio.  It  was  purchased  for  25  cents  per  gallon,  and  the  first 
shipment  of  five  barrels  was  made  by  them  in  1848,  from  Marietta  to 
New  York,  by  way  of  New  Orleans.'  The  oil  was  sold  on  arrival  in  New 
York  to  a  drug  house,  at  90  cents  per  gallon.  Messrs.  B.  &  W.  continued 
dealing  in  the  oil  for  about  ten  years,  purchasing  from  one  to  two  hun- 
dred barrels  per  year,  from  the  Hughes  River  producers,  and  selling  it 
to  dealers  all  over  the  country.  Large  quantities  of  it  were  purchased 
by  the  makers  of  the  once-celebrated  *'  Mexican  Mustang,"  and  '^  Nerve 
and  Bone"  liniments.  The  oil  was  obtained  from  the  lands  of  Mr. 
Bushrod  Washington  Creel,  and  was  a  source  of  considerable  revenue  to 
that  gentleman,  as  well  as  to  those  who  gathered  it.  Messrs.  Bosworth 
&  Wells  may,  therefore,  justly  claim  to  be  the  pioneer  oil-dealers  of 
Ohio.  Considerable  quantities  of  the  *' Seneca"  oil  were  also  collected 
from  wells  drilled  at  an  early  day  for  brine  at  different  points  in  West 
Virginia  and  Ohio.  The  first  petroleum  obtained  from  the  Dack  Creek 
Valley,  in  Noble  county,  Ohio,  came  from  wells  of  this  kind. 
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The  process  of  drilling  wells  for  the  express  purpose  of  obtaining 
petroleum  in  Ohio,  followed  closely  after  the  first  successful  experiment 
made  in  the  valley  of  Oil  Creek,  Pennsylvania.  After  it  had  been  dem- 
onstrated that  large  accumulations  of  this  valuable  liquid  could  be  found 
in  the  underlying  rocks,  by  drilling  into  them  at  points  where  the  gas 
was  seen  bubbling  through  the  water  or  the  greenish  fluid  was  seen 
floating  upon  its  surface,  wells  were  started  where  such  surface  indica- 
tions could  be  found. 

Thb  Cow  Run  Oil  Field. 

In  the  winter  of  1860,  Mr.  John  Newton,  of  Marietta,  Ohio,  was  one 
day  sitting  in  his  office  at  the  "  Harmar  Bucket  Factory,"  when  his  at- 
tention was  called  to  a  newspaper  article  on  the  subject  of  drilling  wells 
for  petroleum  in  Canada.  In  the  article,  natural  gas-springs  were  men- 
tioned as  an  indication  of  underlying  deposits  of  oil.  Mr.  Newton  read 
the  article  aloud.  Among  the  listeners  was  Mr.  Uriah  S.  Dye,  one  of 
the  workmen  at  the  factory.  After  the  reading  was  finished,  Mr.  Dye 
informed  Mr.  Newton  that  he  had  one  of  those  gas-springs  on  his  farm, 
at  Cow  Run,  in  Lawrence  township — that  the  spring  had  been  a  subject 
of  curiosity  for  many  years  to  the  owners  of  the  land,  and  that  a  crude 
attempt  had  been  made  to  use  the  gas  as  fuel  by  a  Mr.  Guyton,  who  had 
a  cooper  shop  near  the  spring.  Mr.  Newton  was  finally  persuaded  to  go 
out  with  Mr.  Dye  and  look  at  the  spring.  As  a  result  of  the  investiga- 
tion, a  company  was  formed,  composed  of  Jno.  Newton,  Douglass  E. 
Newton,  William  Naylor,  Moflatt  Dye  and  George  S.  Bosworth.  On  the 
2d  of  February,  1861,  leases  were  taken  by  the  company  from  Uriah  S. 
Dye,  covering  the  W.  i  of  N.  W.  qr.  of  section  19,  and  W.  i  of  S.  E.  qr.  of 
N.  W.  qr.  of  same  section,  in  all  100  acres;  also,  from  Samuel  Dye,  the 
N.  E.  qr.  of  N.  W.  qr.  of  section  19,  40  acres.  Drilling  was  commenced 
at  once,  the  first  well  being  located  close  to  the  gas-spring.  The  ma- 
chinery then  in  vogue  for  drilling  was  the  "spring- pole"  and  "  treadle;" 
the  motive  power,  human  muscle.  In  that  day  it  was  essential  that 
the  driller  be  sound  in  both  wind  and  limb.  The  first  Newton  well  was, 
however,  soon  ''  kicked  "  down  to  what  was  then  supposed  to  be  a  suffi- 
cient depth,  and  *^  came  in  dry,"  barely  showing  enough  oil  to  grease 
the  tools.  Instead  of  being  discouraged,  Mr.  Newton  seized  a  shovel 
and  said,  **  Come,  boys,  I'll  show  you  where  to  get  an  oil  well."  He  went 
over  to  the  Samuel  Dye  40  acres,  chose  a  spot  on  the  main  run  where 
the  gas  could  be  seen  bubbling  up  through  a  pool,  and  by  night  had  a 
pit  dug  down  to  the  gravel.  In  the  morning  the  water  in  this  pit  was 
covered  with  oil.    The  "  kicking  process"  was  speedily  resumed,  and  at 
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a  depth  of  137  feet  their  labors  were  rewarded  by  striking  a  "  gusher." 
The  well  did  not  flow ;  it  was  pumped  with  the  spring  pole,  and  each 
day'd  product  put  into  barrels— the  pumping  and  filling  of  fifty  barrels 
was  about  an  average  day's  work  for  two  men.  The  oil  was  taken  by 
wagon  nine  miles  to  Marietta,  and  sold  chiefly  to  Mr.  William  Finlay, 
buyer  for  a  refinery  located  at  St.  Louis,  Mo. 

The  Newton  Company  drilled  seven  shallow  wells  upon  the  Dye 
farms,  all  of  which,  except  the  first  one,  produced  more  or  less  oil. 

Discovery  of  Petroleum  at  Macksbdrg. 

Previous  to  the  drilling  of  the  last-named  wells,  however,  in  the  fall 
of  the  same  year,  1860,  Mr.  James  Dutton,  in  company  with  Alden  T. 
Warren  and  John  Smithson,  decided  to  drill  a  well  on  the  bank  of  Duck 
Creek,  near  the  northwest  corner  of  Mr.  Dutton's  farm,  in  Aurelius 
township,  about  one-half  mile  below  the  town  of  Macksburg.  They  had 
often  noted  tho  oil  spreading  over  the  surface  of  the  creek  at  that  point, 
and,  as  Mr.  Dutton  says,  the  boys  used  to  get  the  oil  on  their  backs  when 
they  went  in  swimming.  The  location  selected  was  on  the  adjoining 
farm  of  Mr.  William  Rayley.  On  the  18th  of  August,  1860,  a  lease  was 
given  to  James  Dutton  for  a  strip  of  land  two  rods  wide,  fronting  on 
Duck  Creek.  The  term  was  for  99  years,  the  consideration  one  hundred 
dollars,  to  be  paid  at  the  expiration  of  ten  years ;  search  was  to  be  made 
for  rock  oil,  and  if  no  oil  should  be  found,  land  was  to  revert  to  the 
owner,  and  no  money  to  be  paid.  Mr.  Dutton  made  arrangements  at 
once  to  have  the  drilling-tools  made,  and  as  soon  as  they  were  ready 
work  was  commenced.  The  method  of  drilling  adopted  was  even  more 
laborious  than  the  ''  spring-pole,"  the  tools  being  raised  by  a  hand-lever. 
At  a  depth  of  about  59  feet  a  valuable  vein  of  oil  was  struck.  The 
gravity  was  28°  B.,  and  Mr,  D.  found  diOiculty  at  first  in  disposing  of 
it,  on  account  of  its  heavy  gravity.  Its  value  as  a  lubricating  oil  was, 
however,  soon  discovered,  and  the  oil  eventually  brought  as  much  as 
$28.00  per  barrel.  This  well  was  also  pumped  by  hand ;  the  oil  filled 
into  barrels  and  taken  by  wagon  ten  miles  to  Lowell,  on  the  Muskingum 
River,  from  which  point  it  was  shipped  by  boat  to  Pittsburgh. 

The  successful  issue  of  the  Dutton  well  at  Macksburg,  and  of  the 
Newton  well,  at  Cow  Run,  soon  caused  derricks  to  spring  up  rapidly  in 
their  immediate  vicinities.  The  most  important  of  these  at  Cow  Run, 
was  one  known  as  the  "Elm  Tree"  well,  which  was  drilled  on  a  farm 
which  adjoined  the  S.  Dye  tract,  by  Lemuel  Wheeler  and  others.  It 
followed  closely  after  the  first  Newton  well,  and  produced  at  the  rate  of 
100  barrels  per  day.  Among  those  who  were  drawn  to  Cow  Run  by  the 
fame  of  the  "Newton"  and  "Elm  Tree"  wells,  was  Col.  John  H.  Weare, 
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a  pioueer  operator  in  the  Burning  Springs  district  of  West  Virginia. 
In  the  year  I860,  he  had  drilled  a  shallow?  well  in  that  field,  which,  at 
the  beginning  of  the  war,  was  producing  handsomely,  when  a  raid  was 
made  upon  the  field  by  the  rebel  General  Jones,  and  the  property  burned. 
Colonel  Weare  then  went  to  Cow  Run,  where  he  was  known  for  several 
years  as  one  of  the  most  active  and  enterprising  operators  in  the  field. 
Messrs.  McFarland  Brothers,  of  Pennsylvania,  were  also  among  the 
earliest  operators  in  both  the  Cow  Run  and  Macksburg  fields. 

Extensions  of  the  Oil  Fields. 

The  search  for  petroleum  was  not  confined  to  the  waters  of  Duck 
Creek  and  Cow  Run,  but  was  prosecuted  along  the  beds  of  other  streams. 
The  manner  in  which  this  search  was  carried  on  affords  a  curious  exam- 
ple of  the  tendency  to  act  upon  s'^mple  inferences  drawn  from  imperfect 
premises.  It  was  first  inferred  that  the  productive  oil  territory  would 
be  confined  to  the  bottom  lands  along  the  water-courses,  because  the 
surface  indications  were  found  upon  the  surface  of  the  streams.  Hence, 
many  of  the  leases  taken  for  oil  purposes  only  covered  such  parts  of  the 
farms  as  lay  along  the  streams.  This  was  designated  as  ^^  the  boring 
territory,"  and  all  other  parts  of  the  farm  were  considered  valueless  for 
oil  purposes.  Again,  because  the  oil  in  the  Dutton  well  was  59  feet  be* 
low  the  bed  of  Duck  Creek,  and  in  the  Newton  well  137  feet  below  the 
bed  of  Cow  Run,  it  was  supposed  the  oil  would  be  found  at  like  distances 
below  the  beds  of  all  other  streams  in  the  surrounding  country.  Two 
hundred  feet  was,  therefore,  usually  adopted  as  the  regular  depth  for  a 
test  well,  and  as  this  distance  could  be  drilled  by  human  muscle,  with 
the  aid  of  the  spring-pole  and  treadle,  nearly  all  of  the  drilling  that  was 
done  prior  to  1864  was  done  in  that  way. 

QsoLoaiCAL  Horizons  of  the  Oil  Production. 

The  oil  in  the  Newton  wells  came  from  a  sand-rock  which  belongs 
in  the  Lower  Barren  Coal  Measures,  between  the  Ames  and  Cambridge 
limestones.  At  Cow  Run,  on  the  Dye  farm,  the  top  of  it  lies  137  feet 
below  the  bed  of  the  run,  and  at  Macksburg,  on  the  Dutton  farm,  about 
125  feet  below  the  bed  of  Duck  Creek.  The  heavy  oil  in  the  Dutton 
well  at  59  feet  was  probably  a  surface  accumulation  that  had  escaped 
from  this  sand-rock  and  gained  specific  gravity  from  contact  with  sur- 
face-water. The  rock  is  a  white  quartz  sand  from  25  to  50  feet  thick, 
some  layers  of  which  are  filled  with  large  quartz  pebbles.  Its  nearness 
to  the  surface  enabled  the  gas  and  oil  to  escape  through  small  fissures, 
and  these  '^  shows''  caught  the  attention  of  the  oil-seeker,  not  only  upon 
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the  Dye  and  Dutton  farms  in  Washington  county,  but  also  upon  the 
Joy  farm  on  Sharp's  Fork  of  Federal  Creek,  and  the  Williams  farm  on 
Buck  Run,  in  Morgan  county.  At  all  of  these  points  shallow  wellB 
were  drilled  as  early  as  1861,  and  comparatively  large  quantities  of  oil 
obtained  during  the  periods  now  under  review.  The  Joy  and  Bishop 
farms  on  Federal  Creek,  and  the  Williams,  Stanton  and  Scott  farms  on 
Buck  Run,  were  the  productive  farms  from  this  sand-rock  in  Morgan 
county,  and  on  these  farms  the  rock  was  nearer  to  the  surface  than  in 
Washington  county,  being  from  80  to  100  feet  below  the  beds  of  the 
stt'eams  named. 

About  400  feet  above  the  sand  rock  just  described,  is  another  of  simi- 
lar character  and  texture;  this  is  the  sand  which  lies  immediately  over 
the  Macksburg  (No.  10)  coal.  In  the  Macksburg  and  Cow  Run  oil  fields 
it  lies  from  325  to  350  feet  above  low  water  at  Marietta.  In  other  parts 
of  Washington  county,  however,  it  lies  below  drainage,  and  at  such 
points  often  causes  a  well*marked  surface-show  of  oil.  Among  other 
places,  the  following  may  be  named  where  there  was  sufficient  *'show" 
to  induce  parties  to  drill  prior  to  1864 :  1st.  Bed  of  Duck  Creek,  near 
north  line  of  Marietta  township,  well  drilled  by  Perkins  &  Nugent; 
tools  lost  and  abandoned.  Well  on  Thomas  Chambers',  southeast  section 
18,  Marietta  township;  small  production  of  oil  from  sand  last  described, 
at  150  feet  below  bed  of  run,  erroneously  supposed  to  be  equivalent  of 
first  Cow  Run  sand.  2d.  Bed  of  Long  Run,  southeast  quarter  of  section 
34,  Newport  township ;  small  production  from  same  sand  at  100  feet  be- 
low bed  of  run.  3d.  Bed  of  NewelPs  Run,  northeast  quarter  section 
12,  Newport  township;  same  sand  exposed  in  the  bed  of  the  run,  from 
which  several  barrels  of  oil  were  taken  with  a  hand-pump. 

Thus,  it  will  be  seen  that  prior  to  the  summer  of  1864,  the  only 
points  in  Washington  county  which  could  be  called  productive  territory, 
were  Macksburg  and  Cow  Run,  and  these  were  producing  from  the  sand 
(Buffalo?)  which  lies  between  the  Ames  and  Cambridge  limestones. 
When  a  superfluity  of  currency  led  to  the  speculative  mania  of  1864,  the 
Ohio  oil-field  became  one  of  the  objective  points;  the  small  production 
above  described  was  considered  an  indication  of  larger  deposits,  and 
many  stock-companies  were  organized  for  the  purpose  of  bringing  forth 
the  enormous  treasures  supposed  to  be  hidden  beneath  the  hills  of  Wash- 
ington and  Noble  counties.  Some  idea  of  the  scale  of  operations  may 
be  formed  from  the  following  imperfect  list  of  companies  organized  for 
work  in  this  field: 
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Capital. 

Bergen  Oil  and  Coal  Co.,  of  New  York $2,OOQ,000 

Marietta  Mining  Co.,  of  New  York «    2,000,000 

New  Jersey  Oil  Co.,  New  Jersey 1,600,000 

Eagle  Oil  Association,  New  York 

Equitable  Petroleum  Co.,  New  York 

Willow  Glen  Petroleum  Co..  Philadelphia 300,000 

Crescent  Petroleum  Co.,  Boston  ..^ - , 260,000 

Willi9:msport  and  Ohio  Petroleum  Co.,  Williamsport,  Pa 220,000 

Marietta  Oil  Co.,  Boston 250,000 

Cincinnati  Petroleum  Co ,  Cincinnati 250,000 

Boston  Petroleum  and  Mining  Co.,  Boston  ....: (iOOfiOO 

Duck  Creek  Petroleum  and  Mining  Co ,  Cincinnati 200,000 

Putoain  Petroleum  Co.,  Dayton,  0 200,000 

Union  Coal  Co.,  Marietta 100,000 

Archer's  Fork  Oil  Co.,  Marietta „       100,000 

Ohio  Oil  and  Mining  Co.,  Marietta 100,000 

The  Speculative  Era,  1864  to  1877. 

Nearly  all  of  the  lands  in  WashiDgton  and  Noble  counties,  and  in 
neighboring  counties  of  West  Virginia,  were  leased  for  oil  purpo  es  for 
from  ten  to  twenty  years.  Th6  competition  between  companies  caused 
lessees  to  agree  to  commence  "operations"  for  mining  purposes  within 
from  thirty  to  ninety  days  from  the  execution  of  the  lease,  under  penalty 
of  forfeiture.  In  many  casts  the  papers  were  so  loosely  drawn  that  the 
putting  in  of  a  conductor  was  considered  a  suflScient  *' commencement  of 
operations"  to  prevent  forfeiture.  In  the  majority  of  cases  this  was  as 
far  as  operations  ever  advanced.  A  few  of  tlie  stock  companies,  how- 
ever, made  preparations  for  active  operations  "in  the  field;  conspicuous 
among  them  was  the  Bergen  Oil  and  Coal  Co.,  of  New  York.  This  com- 
pany, under  the  management  of  Mr.  William  Frazier,  purchased  in  May, 
1864,  from  the  Newton  Company,  the  unexpired  term  of  lease  on  the 
two  Dye  farms,  for  a  cash  consideration  of  825,000;  the  total  production 
of  the  two  farms  wa*,  at  the  time,  only  ten  barrels  per  day.  For  an  ad- 
ditional sum  of  $38,000  the  company  purchased  the  fee  of  the  farms, 
thus  gaining  control  of  the  180  acres.  In  the  winter  of  1861-5,  the  com- 
pany bought  ten  boilers  and  engines,  ten  sets  of  James  Bown^s  drilling 
tools,  ten  250barrel  tanks,  and  a  large  stock  of  assorted  hardware  for 
drillers'  and  rig-builders'  use. 

Early  Drilling  Tools. 

The  drilling  tools  used  in  the  Bown  wells  were  composed  of  a 
twenty-foot  drill-bar,  two  inches  in  diameter,  an  eight  foot  sinker-bar, 
and  jars  in  proportion ;  the  complete  string  of  tools  was  about  forty  feet 
long,  and  was  worked  in  a  derrick  forty  five  feet  high,  and  fourteen  feet 
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square  at  the  base.  The  temper-screw  was  aboat  three  feet  long,  and 
instead  of  working  between  open  reins,  as  at  present,  was  enclosed  in  a 
close  round  sheath ;  when  the  screw  was  run  out,  the  driller,  instead  of 
opening  the  reins  and  sliding  the  screw  back  to  place,  had  to  ocrasp  the 
sheath  and  start  the  clamps  at  the  end  of  the  screw,  whirling  backward 
in  a  circle  until  the  screw  worked  its  full  length  back  into  the  sheath. 
A  Brooklyn  dentist  who  came  out  to  Cow  Run  to  act  as  superintendent 
of  an  oil  company,  took  hold  of  the  tools  one  day  to  turn  them  while 
the  driller  was  temporarily  absent;  he  kept  turning  out  the  screw  until 
he  was  suddenly  startled  by  the  clamps  striking  the  floor  with  tremen- 
dous (orce.  Looking  curiously  at  the  screw  the  doctor  exclaimed, 
"  Tsha!  I  thought  there  was  a  nub  on  the  end  of  it."  The  cutting  was 
done  with  a  chisel  shaped  center-bit,  fcllowed  by  a  reamer.  The  Cow 
Run  drillers  are  entitled  to  the  credit  of  having  first  discovered  that  the 
reamer  was  a  superfluous  tool,  and  that  the  center  bit  could  be  so  modi- 
fied that  it  would  drill  a  true  round  hole,  and  thus  save  time  and  greatly 
diminish  the  ribk  of  fastening  tools  in  the  well.  Instead  of  the  long 
chisel-shaped  taper,  the  bit  was  made  thick  for  its  entire  length  and 
brought  to  a  cutting  edge  with  a  short  bevel;  the  thickness  of  the  bit 
at  the  top  of  the  bevel,  when  dressed  as  the  arc  of  a  circle,  gave  a  ream- 
ing face  which  answered  every  purpose. 

The  driller  sac  upon  a  high  stool  and  turned  the  tools;  convenient 
to  his  hand  was  a  wooden  maul,  with  which  he  knocked  the  ''follower'* 
loose  on  his  temper  screw  when  he  wished  to  let  out  a  little  jar.  Com- 
pared with  the  driller  of  to-day  he  was  rather  a  drowsy-looking  fellow, 
and  he  drilled  about  one  foot  to  the  modern  driller's  ten. 

The  kind  of  machinery  used,  although  an  improvement  upon  the 
"  spring-pole  and  treadl<^"  was  inferior  to  that  in  present  use.  In  many 
cases  a  direct  connection  was  made  by  the  pitman  between  the  walking- 
beam  and  the  crank-pin  of  the  engine,  without  the  intervention  of  coun- 
^'er  wheel  and  belt.  The  link  for  reversing  was  not  in  use,  and  it  was 
necessary  to  go  to  thft  engine  and  shift  the  cam-rod  if  any  reverse  motion 
was  needed.  This  direct  attachment  was  used  by  the  old  salt-well  drill- 
ers, who  used  poles  instead  of  a  cable. 

Testing  the  Territory. 

The  Berger  Company's  engines  were  distributed  as  follows:  Two 
on  Archer's  Fork  of  Little  Muskingum  River;  one  on  Little  Muskin- 
gum, near  the  mouth  of  Bear  Ran;  one  near  the  mouth  of  Ne well's 
Run ;  one  on  Duck  Creek,  below  Salem ;  two  on  Pawpaw  Creek ;  one  on 
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Long  Run,  and  two  on  Cow  Run.  Unfortunately  the  company  became 
financially  embarrassed  early  in  the  summer  of  1865,  and  suspended 
active  operations  before  any  of  its  test- wells  had  been  brought  to  a  suc- 
cessful  issue. 

The  New  Jersey  Oil  Company  purchased  the  James  Dutton  farm 
for  $100,000,  and  also  the  Jacob  Dearth  farm.  Seventeen  new  engines 
were  purchased  in  Cincinnati,  and  twelve  sets  of  drilling  tools.  Seven 
engines  were  placed  on  the  Dearth  farm,  one  on  the  Dilley  farm,  one  on 
the  Riley  farm,  one  on  the  Fowler,  one  on  the  Corp,  and  two  on  the 
Middle  Fork  of  Duck  Creek,  near  Middleburg. 

One  well  was  drilled  on  the  Dearth  farm  to  a  depth  of  1,200  feet. 
This  well  passed  through  what  is  now  known  as  the  salt-water  sand, 
and  having  considerable  gas,  flowed  at  intervals  with  great  force  for 
several  years,  throwing  out  a  large  quantity  of  brine  but  no  oil  except 
a  little  from  the  upper  sand-rocks.  No  oil  was  obtained  by  the  Ne^ 
Jersey  Company  except  what  was  pumped  from  a  few  shallow  wells;  it, 
therefore,  soon  ceased  active  operations  and  re-sold  the  Dutton  farm  to 
its  former  owner  at  a  heavy  discount.  The  Jacob  Dearth  farm  is  the 
one  now  owned  and  operated  by  Messrs.  Borkman  and  Laney. 

The  Eagle  Oil  Association,  of  New  York,  was  org%nized  in  1861^ 
for  the  purpose  of  developing  the  Dearth  farm,  which  lies  at  the  mouth 
of  Indian  Run,  a  small  stream  putting  into  Duck  Creek  opposite  Macks- 
burg.  A  consideration  of  $300,000  was  paid  for  the  200  acres  on  the 
strength  of  a  small  well  which  had  been  drilled  on  the  farm  at  the 
mouth  of  the  Run.  This  well,  then  known  as  the  Gilchrist  well,  was 
pumping  about  ten  barrels  of  heavy  lubricating  oil  per  day,  and  the  oil 
was  selling  for  about  $20  per  barrel.  The  Eagle  Company  placed  ma- 
chinery on  the  farm  in  1865  and  did  some  little  drilling,  but  never 
obtained  any  oil  except  that  which  was  pumped  from  the  ''Gilchrist" 
well. 

In  the  same  year  the  "Madison  Oil  Company '*  obtained  one  acre 
for  a  consideration  of  SdOO,  on  the  Atkinson  bottom  just  below  Macks- 
burg.  Machinery  was  put  on  the  ground  and  a  well  drilled  through 
the  500-foot  sand.  It  is  reported  to  have  started  at  about  fifty  barrels 
per  day,  and  continued  to  pump  ten  barrels  for  several  months.  This 
was  the  first  paying  well  from  the  500  foot  sand. 

The  Equitable  Petroleum  Company  placed  machinery,  in  the  same 
year,  on  the  Dutton  farm,  about  one  mile  below  Macksburg.  The  well 
was  drilled  to  800  feet  and  found  considerable  gas  and  some  oil  in  what 
is  now  known  as  the  700  foot  sand. 

A  well  was  also  drilled  on  the  Rayley  farm,  which  found  a  good 
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showing  of  oil  in  the  700-foot  sand,  but  its  owners,  a  Pittsburgh  com- 
pany, failed  to  make  it  productive  and  abandoned  it. 

Some  two  or  three  wells  were  drilled  by  the  "  Acme  Oil  Company," 
on  the  John  Smithson  farm,  below  Macksburg.  The  wells  pumped  con- 
siderable oil  Irom  the  300-foot  sand,  but  were  soon  exhausted. 

Mr.  Jefferson  Delong  also  drilled  a  well  on  his  lot  in  the  town  of 
Macksburg, .  with  unfavorable  results.  This  is  the  lot  on  which  the 
Bailey  gas-well  now  stands,  which  supplies  the  National  Transit  pump- 
ing-station  with  fuel. 

The  Bergen  Company,  which  held  a  lease  of  the  Markey  farm,  in 
the  village  of  Macksburg,  sublet  a  part  of  it  in  the  spring  of  1865  to 
parties  who  drilled  a  well  to  600  feet,  striking  a  small  showing  of  oil  in 
the  500-foot  sand. 

The  Lowell  Oil  Company,  in  the  same  year,  drilled  a  well  on  the 
tract  near  Macksburg,  now  owned  by  George  Rice,  Esq.,  striking  a  fair 
well  in  the  500-foot  sand. 

Mining  for  Oil. 

Among  the  novel  features  of  the  work  at  Macksburg  in  1865,  was 
the  sinking  of  a  shaft  by  the  Moorehead  Oil  Company,  on  the  Rayley 
farm,  for  the  purpose  of  obtaining  the  Dutton  vein  of  lubricating  oil. 
A  well  was  first  drilled  down  to  the  vein  which  yielded  a  little  oil  with 
a  large  quantity  of  water.  The  owners  then  conceived  the  idea  of 
putting  down  a  shaft  into  which  it  was  supposed  the  oil  would  flow  in 
great  quantity.  The  work  was  finally  completed  at  great  cost,  but  no 
more  oil  was  obtained  from  the  shaft  than  the  well  had  yielded. 
Another  company,  which  held  a  lease  on  the  adjoining  land,  con- 
templated digging  a  trench  to  the  depth  of  the  Dutton  vein  across  bis 
leasehold,  but  abandoned  the  project  after  the  completion  of  the  shaft. 

A  large  sum  of  money  was  also  expended  by  the  Boston  Petroleum 
Company  in  sinking  a  shaft  for  shallow  oil  on  Eight-Mile  Run  in  New- 
port township.  A  well  known  as  the  '* Eastwood"  was  drilled,  about 
the  same  time,  on  the  bank  of  Duck  Creek,  just  below  South  Olive  in 
Noble  county,  and  found  a  good  well  in  the  Macksburg  300-foot  sand. 
This  well  continued  to  yield  oil'  in  paying  quantity  for  a  number  of 
years. 

Mr.  Harvey  Kilmer  located  and  drilled  a  well  on  the  East  Fork  of 
Duck  Creek,  at  the  mouth  of  Gould's  Run,  striking  a  large  flow  of  gas 
and  a  little  oil  in  the  500foot  sand. 
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Further  Development  op  the  Field. 

The  Germania  Oil  Company  drilled  to  the  depth  of  800  feet  at  the 
mouth  of  Pawpaw  Creek,  near  Salem,  with  some  showing  of  oil  in  the 
500-foot  sand. 

The  Willow  Glen  Petroleum  Company  placed  machinery  and 
drilled  on  Burns'  Run,  in  Newport  township,  with  unfavorable  results. 

The  Marietta  Mining  Company  drilled  on  Kilwell  Run,  in  Fearing 
township;  tools  lost  and  well  abandoned. 

John  M.  Rounds,  of  Summerfield,  Ohio,  and  Thomas  Conley,  of 
Parkersburg,  W.  Va.,  drilled  on  Newell's  Run,  with  fair  shows  of  oil  in 
the  shallow  rocks. 

Although  the  wells  above  enumerated  as  having  been  drilled  in 
the  years  1864  and  1865,  when  taken  collectively,  discovered  oil  in  pay- 
ing quantity  in  the  140  foot  sand,  the  300-foot  sand,  the  600-foot  sand, 
and  the  700  foot  sand,  the  result  of  each  company's  operations  was  so 
unsatisfactory  that  the  Bergen,  the  New  Jersey,  the  Eagle  and  the 
Equitable  companies  all  withdrew  from  the  Macksburg  field. 

While  the  above  work  was  in  progress  matters  were  almost  at  a 
stand-still  on  Cow  Run.  The  Bergen  Co.  having  suspended  drilling, 
was  pumping  its  ten  barrels  per  day  from  the  two  Newton  wells.  The 
oil  was  bringing  a  good  price,  selling  in  the  summer  of  1865  for  $14  per 
barrel  at  the  wells.  The  company  finally  decided  to  divide  its  Cow 
Run  territory  into  two-acre  lots  and  sub  let  them  at  one-third  royalty. 
The  first  lease  was  taken  by  Isaac  Perkins  in  March,  1886;  three  lots  of 
two  acres  each  were  let  with  the  understanding  that  he  was  to  drill  to 
a  depth  of  600  feet  unless  a  paying  well  should  be  sooner  obtained.  The 
first  well  was  begun  soon  after  the  lease  was  taken,  but  was  not  com- 
pleted till  the  following  winter.  The  well-head  is  forty-eight  feet 
below  the  Pomeroy  coal,  and  G66  feet  above  sea-level.  In  the  Cow  Run 
field  the  shales  of  the  Lower  Barren  Coal  Measures  gave  the  driller  a 
great  deal  of  trouble  by  caving  in  and  filling  up  the  drill-hole.  It  was 
found  necessary  to  case  from  one  to  three  times  with  sheet-iron  casing 
to  shut  out  these  caves.  The  tools  were  lost  several  times  in  the 
Perkins  well,  but  were  fished  out  again,  and  in  November,  1866,  the 
top  of  the  second  Cow  Run  sand  was  struck  at  595  feet.  When  the  bit 
had  penetrated  the  sand  about  five  feet  the  well  began  to  flow.  It  was 
tubed  with  two  inch  pipe  and  a  seed  bag,  and  turned  into  a  2-50  barrel 
tank,  which  it  tilled  in  two  days.  The  well  continued  to  flow  100 
barrels  per  day  for  several  months,  and  kept  its  owners  busy  building 
tanks  to  hold  the  product,  the  only  means  of  transporting  the  oil  to 
market  being  by  wagon  nine  miles  to  Marietta  over  roads  which  were 
at  that  time  of  year  almost  impassable. 
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The  sand-rock  from  which  this  oil  was  obtained  is  supposed  to  be 
the  Macksburg  500  foot  sand,  although  the  top  of  tiie  former  is  643  feet 
below  the  Pomeroy  coal,  while  the  top  of  the  latter  is  only  about  560 
feet.  There  is  also  a  great  difference  in  the  thickness  of  the  rock  at  the 
two  points,  it  being  from  50  to  100  feet  at  Cow  Run,  and  from  twenty- 
five  to  feet  fifty  at  Macksburg.  It  is  one  of  the  Lower  Coal  Measure  sand- 
stones, and  lies  very  nearly  midway  between  the  Ames  limestone  and 
the  top  of  the  Cuyahoga  shale. 

The  Perkins  well  gave  an  impetus  to  business  which  soon  enabled 
the  Bergen  Company  to  dispose  of  all  its  two-acre  lots  at  one-third 
royalty. 

In  1867  the  Exchange  Oil  Company,  of  Cincinnati,  Ohio,  was 
organized  with  a  capital  stock  of  J500,000,  to  develop  territory  purchased 
by  it  from  Col.  John  H.  Weare  and  others,  adjoining  the  Bergen  Com- 
pany lands.  The  purchase  gave  the  Exchange  Company  the  southeast 
quarter  of  section  20,  and  the  northeast  quarter  of  northeast  quarter  of 
section  19,  the  remainder  of  northeast  quarter  of  19  being  owned  by 
Philip  Geisse,  of  Wheeling,  West  Virginia.  Thus  the  south  half  of 
section  20  and  the  north  half  of  section  19  became  the  property  of  three 
parties — The  Bergen,  The  Exchange,  and  Philip  Geisse,  and  these  two 
half  sections  cover  substantially  the  whole  of  the  Cow  Run  oil  field. 

The  production  was  soon  large  enough  to  justify  the  laying  of  a 
transportation  line,  and  in  the  spring  of  1868  one  was  laid  by  the  West 
Virginia  Transportation  Company,  of  Parkersburg,  to  the  Ohio  River 
5^  miles  distant.  The  pipe  was  two  inches  in  diameter,  which  proved 
amply  sufficient  to  carry  the  entire  production  of  the  field.  The  point 
of  delivery  on  the  river  was  three  miles  below  Newport,  and  the  oil  was 
carried  thence  in  bulk-boats  to  the  refineries  at  Marietta  and  Parkers- 
burg. The  first  iron  tank  of  any  size  used  in  the  state,  for  the  storage 
of  petroleum,  was  built  by  the  "Cow  Run  Iron  Tank  Company,"  at  the 
river  terminus  of  the  pipe-line.  Its  capacity  was  10,000  barrels,  and  it 
was  manufactured  by  James  Riter,  of  Allegheny  City,  Pennsylvania. 

The  subject  of  drilling  for  deeper  oil  came  up  in  due  course  of  time, 
and  although  no  one  had  any  very  definite  working  hypothesis  to 
offer,  talk  was  soon  followed  by  action.  Some  five  or  six  wells  in  dif- 
ferent parts  of  the  field,  which  were  dry  in  the  600-foot  sand,  were 
sunk  deeper  as  test-wells.  Only  one  of  them,  however,  was  drilled 
deep  enough  to  reach  the  Macksburg  lower  (Berea)  sand.  This  was  a 
well  drilled  by  Col.  John  H.  Weare,  on  the  Exchange  Company's 
property,  to  a  depth  of  2,100  feet.  It  should  have  reached  the  Berea 
sand  at  about  1,600  feet,  but  no  record  of  the  well  was  preserved,  the 
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samples  were  lost,  and  it  is  now  impossible  to  obtain  any  authentic  in- 
formation concerning  the  strata  passed  through.  A  well  drilled  last 
year  (1884)  by  Mr.  Chas.  J.  Garvey,  on  the  northwest  quarter  section  24, 
Eight  Mile  Run,  in  Newport  township,  located  about  one  mile  south  of 
the  Cow  Run  field,  seems  to  indicate  a  thinning  out  of  the/^Berea"  in  this 
part  of  Washington  county.  This  view  is  further  supported  by  a  well 
just  completed  (1885)  by  Messrs.  Whitney  &  Morton,  near  the  southwest 
corner  of  section  16,  Lawrence  township,  about  two  miles  north  of  the 
Cow  Run  field. 

Both  of  these  wells  report  the  ^^Berea"  not  found  at  its  proper 
horizon. 

Prodcctiox  op  Cow  Row  Fikld. 

Shallow  wells  (140-ft  sand),  from  1861  to  1867  ;  estimated 50,000  barr^. 

Wells  in  both  140-ft  and  OOO-f t.  sand,  Jsm.,  1867,  to  Aug.,  1868 ;  est'd..  150,000       '* 

West  Va.  Transportation  Go.  Bans,  1868  and  1869.. ,    89.571 

«*  «  1870 iio,<ia 

«  "  1871 46,643 

"  "  "  1872 89,466 

"  "  "  .1873 35.016 

"  "  "  1874 81.990 

"  «  •*  1875 28,606 

"  "  "  1876 20,427 

"  "  "  1877 21.461 

"  "  "  1878 22,929 

«  "  "  1879 22,870 

'*  "  "  1880 20.665 

•'  "  "  1881 16,944 

1882 12,682 

«  "  •*  1888 14,166 

"  1884 8.291 

Ohio  Transit     "  •'  1885 12,000  651,619 

Total 761.519  barrels. 

The  surface  show  of  oil  in  the  sand-rock  (No.  10)  on  the  land  of 
John  M.  Rounds,  northeast  quarter  of  section  12,  Newport  township, 
caused  considerable  money  to  be  spent  in  drilling  upon  the  head-waters 
of  Newell's  Run  prior  to  1865,  but  nothing  of  real  value  was  found.  In 
1865  the  Bergen  Company  located  a  well  upon  the  Joseph  Brown  farm 
at  the  mouth  of  the  run.  At  a  little  over  400  feet,  a  fine  showing  of  oil 
was  struck  in  the  Macksburg  300-foot  sand.  The  well  was  tubed,  and 
about  100  barrels  of  oil  were  pumped  out,  when  the  supply  seemed  to  be 
exhausted.  It  was  not  properly  cased,  and  was  thought  to  have  been 
spoiled  by  caving  in  of  the  walls.  Three  other  wells  were  afterwards 
drilled  near  by,  on  the  same  farm,  but  none  of  them  revealed  the  lost 
vein.  One  of  the  latter  was  drilled  to  1,030  feet,  and  stopped  in  the  salt- 
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water  Band.  The  writer  afterwards  superintended  the  drilling  of  4  other 
wells  through  the  Cow  Run  600  foot  sand,  near  the  mouth  of  Newell's 
Run,  and  in  every  case  the  rock  was  found  to  be  filled  with  brine  in- 
stead of  oil. 

On  Northrup's  Fork  of  Newell's  Run,  in  Section  10,  Newport  town- 
ship, some  wells  have  yielded  from  2  to  5  barrels  per  day  from  the  first 
run«  These  wells  are  located  on  the  western  slope  of  the  White  Oak 
anticlinal,  which  crosses  the  Ohio  river  near  the  mouth  of  NewelPs 
Run.    (See  Profile  No.  2  ) 

Prior  to  1885  there  had  been  no  wells  drilled  on  NewelPs  Run  deep 
enough  to  reach  the  Berea  sand;  the  one  on  the  Brown  farm  (1,030) 
being  the  deepest.  This  year  (1885)  a  well  was  drilled  by  Joel  Bigham 
&  Co.,  of  Pittsburgh,  on  the  Oilman  farm,  about  one  mile  west  from  the 
mouth  of  NewelPs  Run.  The  well-head  is  near  the  level  of  the  Meigs 
Creek  coal.  At  about  1,700  feet  the  '^Berea"  was  found,  with  a  reported 
thickness  of  twelve  feet,  and  was  said  to  contain  a  little  oil.  It  was  torpe- 
doed, but  failed  to  flow,  and  would  not  pay  to  pump.  A  second  well  was 
drilled  by  the  same  parties  on  the  Tucker  farm,  southwest  quarter  of 
Section  5,  Newport  township,  about  one  and  one-half  miles  north  from 
the  mouth  of  Newell's  Run.  The  well-head  is  eighty  feet  below  the 
Meigs  Creek  coal,  and  the  "  Berea"  was  found  at  a  little  over  1,600  feet, 
with  a  thickness  of  eight  feet;  it  was  torpedoed,  but  failed  to  produce 
any  oil.  Both  of  these  wells  were  worked  as  "mysteries''  by  Jtheir 
owners,  but  the  above  statements  may  be  safely  considered  as  substan- 
tially correct. 

The  Macksbcbg  Oil-Field  1872  to  1878. 

While  work  was  being  prosecuted  vigorously  at  Cow  Run,  opera- 
tions at  Macksburg  were  almost  entirely  suspended*  A  few  of  the  old 
wells  were  pumping  a  little  oil,  but  no  new  ones  were  either  started  or 
contemplated.  Matters  remained  in  this  condition  until  1872,  when  a 
survey  was  made  in  the  interest  of  Mr.  George  Rice,  then  engaged  in 
the  producing  business  of  Burning  Springs,  W.  Va.  The  object  of  the 
survey  seemed  to  be  to  start  at  Burning  Springs  and  run  a  line  through 
the  producing  districts  at  West  Virginia  and  Ohio,  taking  the  courses 
and  distances  of  the  producing  wells,  making  a  single  map  of  the  whole* 
The  line  ran  from  Burning  Springs  through  Oil  Rock,  White  Oak  and 
Horseneck,  the  producing  districts  of  West  Virginia,  crossed  the  Ohio 
at  the  mouth  of  NewelPs  Run,  and  there,  changing  to  a  northwesterly 
course,  ran  through  Cow  Run,  Fifteen  Mile  and  Pawpaw  Creek  to 
Macksburg.  Finding  the  well  that  was  drilled  in  1865  upon  the  Lowell 
Oil  Co.  tract,  still  pumping  about  five  barrels  per  day  from  the  500-foot 
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aand,  Mr.  Rice  purchased  the  tract,  cleaned  out  and  torpedoed  the  old 
well,  and  brought  its  production  up  to  fifty  barrels  per  week.  In 
the  meantime  the  Cleveland  and  Marietta  Railway  had  been  completed 
through  the  Duck  Creek  Valley,  making  Macksburg  a  more  desirable 
field  for  operations  than  it  had  been  in  its  early  days.  In  1874  Mr.  Rice 
was  drilling  his  well  No.  4,  when,  at  140  feet,  a  vein  of  oil  was  struck, 
which,  when  tested,  started  off  at  150  barrels  per  day.  This  unexpected 
strike  soon  drew  the  attention  of  operators  from  Cow  Run,  which  was 
then  on  the  decline,  back  to  Macksburg.  From  1874  to  1877,  the  close 
of  the  period  now  under  review,  the  following  wells  were  drilled  on 
Goose  Run,  a  tributary  emptying  into  the  West  Fork  of  Duck  Creek  at 
Macksburg  : 

On  Lowell  Oil  Co.  tract,  Geo.  Rice,  No.  4, 140-ft.  sand— 150  barrels. 

"         "  "  No.  5,  in  500-ft.  Band-Bn»all  welL 

No.  6,  in  300-lt.  sand—       *' 
«  «         «  a  jjq  7^  throuRh  500-it  sand— dry. 

No.  8,  in  600-ft.  Band-small  well. 
'^  •*         «  "  No.9,  through  600-fU  sand— dry. 

"  No.  10,  in  500-ft.  8and-«mall  well. 

u  u         u  u  No.  11,       "  *^  *' 

u  «<  u  a  No.  la,  "  «  « 

tt  a  u  a  No.  13,  '*-  "  " 

**  **         "-  *"  No,  14,  through  500.ft.  sand-dry. 

Chas.  Egler  tracts  Marietta  O.  Co..  No.  1,  in  140-ft.  sand- first  day,,  600  ban ete. 

"  «  «  M        No.  a,  in  600-ft.  sand—  10      " 

"  "       Decker  &  Sons,  No.  8,  in  300-f t.  sand—  10     " 

"  "  **  No.  4,  through  600-ft.  sand— dry. 

"  "  "  Nos.  5  and  6,  through  50O  ft.  sand- dry. 

**  *•        Dexter  City  a  Co.,  No.  1,  in  500  ft.  sand— small  well. 

£.  F.  Atkinson  tract,  Biezantz  Co.,  No.  1,  in  140-ft.  sand — small  well. 

«*  '^  *^  No.  2,  in  600.ft.  sand— 

«*  "^  "  No.  3,  through  600  ft.  sand— dry. 

tt  •      «  u  No.  4,         "  **  " 

"  "    Jno.  Hamilton,  No.  1,     " 

*^  "    Barton  &  Stevens,  No.  1,.  in  500-it.  sand— small  well. 

**-  "  "  No.  3,  thFough  500-ft.  sand— dry. 

Dyer  tract,  Wilson  Staals,.  No.  1,  through  BOO  ft.  sand— dry. 

•*     Stephen  Hobbs,  No.  1,    ^ 
Davistfact,  H.B.  lame.No.l,  "  « 

On  Diick  Creek  Valley,  below  Macksburg  : 

A.  T.  Warren  tract,  Wilson  Staats,  No.  1,  through  500-ft.  sand— dry. 
Jno.  Smithson  tract,  Jas.  Kennedy,  No.  1,       "  "         *'         " 

-     Decker  &  Sons,  No.  1,       '^ 
LDeloii^ 
New  Jersey        •'  *'  u  u  u        u         u 

u  it,  u  No.  2,  "-  tt  14  a 


THE   MACKSBURG   OIL-FIELD.  457 

The  small  wells  above  noted  were  under  ten  barrels  per  day,  and 
the  large  ones  in  the  HO  foot  sand,  in  the  summer  of  1876,  had  dwindled 
to  small  dimensions;  thi.^,  with  the  large  percentage  of  dry  holes,  made 
a  rather  discouraging  outlook  for  the  field. 

In  1872,  William  Snodgrass  took  a  lease  on  the  Leonard  Britton 
farm,  at  the  mouth  of  Mill  Fork  of  Fifteen  Mile  Creek,  in  Lawrence 
township.  At  about  400  feet  a  ten-barrel  well  was  obtained  in  the  black 
shale,  between  the  first  and  second  Cow  Run  sands.  This  was  soon  fol- 
lowed by  the  Lackey  well,  on  the  same  farm,  which  started  at  fifty 
barrels  per  day  ;  then  the  Schnaufer  well  on  the  Rathbone  tract,  south- 
east of  section  23,  fifty  barrels  per  day;  and  the  Perkins  &  Co.  well  on 
the  Skinner  tract,  southwest  of  northeast  section  23,  ten  barrels  per  day. 
These  wells  all  obtained  their  oil' from  the  shale  and  were  soon  ex- 
hausted.    In  the  following  year  were  drilled : 

Oa  Britton  tract,  Snodgrass  No.  2,  throa^h  600-ft  sand— dry. 
On  James  Guthbert  tract,  School-house  Co.  No.  1,  through  600-ft.  sand — dry. 
Od  N.  Kennedy  tract.  CuthbertA  Carle,  No.  1,  "  "  ** 

On  Raihbone  &  Co.  tract,  Weare  &  Co.,  No.  1,  "  "  ** 

This,  it  was  at  first  supposed,  would  prove  to  be  a  northern  exten- 
sion of  the  Cow  Run  field,  but  the  above  wells,  which  passed  through 
the  second  Cow  Run  sand  without  finding  oil,  discouraged  further  at- 
tempts in  that  direction. 

In  1877,  another  attempt  was  made  to  strike  the  Cow  Run  "belt" 
about  half-way  between  Cow  Run  and  the  mouth  of  Mill  Fork.  The 
same  party,  Mr.  William  Snodgrass,  leased  a  part  of  the  John  Myers 
farm  near  the  mouth  of  Morse  Run,  in  southwest  corner  of  section  21, 
Lawrence  township.  A  ten-barrel  well  was  found  in  the  first  Cow  Run 
sand.  Some  ten  or  twelve  wells  were  subsequently  drilled  through  this 
sand,  along  the  bed  of  the  run  in  section  21,  none  of  which  obtained  oil 
in  paying  quantity.  AH  attempts  thus  far  to  find  an  outlet  to  the  Cow 
Run  pool  of  shallow  oil,  have  been  unsuccessful.  The  productive  terri- 
tory appears  to  be  confined  to  the  crest  of  a  small  anticlinal  in  sections 
19  and  20,  Lawrence  township.  The  shape  and  extent  of  the  uplift, 
and  the  position  of  the  productive  wells,  is  shown  by  the  accompanying 
cross-sections. 

In  the  summer  of  1877,  an  attempt  was  made  to  extend  the  Macks- 
burg  field  in  a  northerly  direction,  by  drilling  a  well  for  the  500-foot  sand 
on  Bufialo  Run.  Some  years  before,  a  well  had  been  drilled  on  the  Slay- 
maker  farm,  on  this  run,  which  made  a  fair  showing  of  oil  that  was 
supposed  to  come  from  the  500-foot  sand.  The  well  had  been  abandoned 
by  its  owners,  but  the  oil  continued  to  rise  through  the  water  in  the 


458  GEOLOGY  OF  OHIO. 

well  and  accumulate  in  the  conductor,  from  which  it  was  dipped  and 
carried  away  in  jars  by  the  natives  as  a  cheap  lamp  oil. 

The  gentleman  who  first  proposed  the  venture  was  a  Mr.  Williams, 
of  Dexter  City.  Not  having  sufficient  capital  to  carry  out  his  plan,  he 
made  the  following  proposition  to  the  writer :  "To  any  one  who  would 
furnish  the  use  of  machinery,  tools,  and  casing  to  drill  the  well,  he 
would  give  one- fourth  of  the  oil  obtained ;  machinery,  tools,  and  casing 
to  be  returned  in  good  order,  ordinary  wear  excepted,  if  no  oil  obtained." 
Parties  were  found  who  accepted  this  proposition,  and  Mr.  Williams 
commenced  operations.  The  location  chosen  by  him  was  on  the  bed  of 
Buffalo  Run,  Matthew  Mitchell  larm,  which  lies  just  below  the  Slayma- 
ker  tract.  Mr.  Williams  was  afterwards  joined  by  Capt.  Mosely,  and 
the  well  was  sunk  by  them  to  a  depth  of  800  feet,  without  obtaining  oil 
in  paying  quantity.  These  particulars  are  given  at  some  length,  be- 
cause this  is  the  well  by  which  the  existence  of  the  '^  Berea"  sand  in 
the  Macksburg  field  was  proven.  After  Messrs.  Williams  and  Mosely 
had  abandoned  the  well,  the  parties  who  owned  the  machinery  and  tools 
were  persuaded  by  the  writer  to  drill  it  down  in  search  of  the  "  Berea," 
which  was  then  yielding  oil  in  the  White  Oak  district  of  West  Virginia. 
Careful  measurements  of  the  interval  between  the  Ames  or  crinoidal 
limestone,  and  the  "  Berea,"  had  been  made  in  the  West  Virginia  field, 
where  it  was  found  to  be  about  1,400  feet.  The  position  of  the  "Ames" 
at  Buffalo  Run,  was  known,  by  him,  to  be  about  seventy  feet  below  the 
bed  of  the  river  on  the  Mitchell  farm.  It  was,  therefore,  decided  to  drill 
the  well  to  a  depth  of  1,600  feet,  if  the  rock  should  not  be  found  at  a 
less  depth.  The  interval  at  Macksburg  proved  to  be  somewhat  lees  than 
at  White  Oak,  and  the  top  of  the  sand  was  struck  at  1,427  feet.  The 
well  was  drilled  wet  and  was  standing  full  of  salt-water ;  when  the  first 
bit  was  run  in  the  sand  it  began  to  show  gas,  and  the  second  bit  devel- 
oped enough  gas  to  throw  the  column  of  brine  over  the  top  of  the  der- 
rick and  empty  the  well.  In  order  to  complete  the  well  it  was  necessary 
to  place  an  oil-saver  upon  the  casing-head  to  prevent  the  driller  being 
pickled.  Below  the  gas  a  thickness  of  fifteen  feet  of  very  fine  white 
sand,  containing  the  "rainbow  colors"  of  petroleum  was  found.  The 
well  was  tubed  with  packer  and  two-inch  pipe,  but  yielded  nothing  but 
dry  gas.  It  was  never  torpedoed.  The  odor  of  the  gas  was  exactly  like 
that  of  petroleum,  but  this  and  the  colors  were  the  only  evidences  of 
the  propinquity^  of  this  venture  to  the  richest  portion  of  the  Macksburg 
field. 

From  the  foregoing  facts  it  will  be  seen  that  geological  considera- 
tions had  nothing  to  do  with  the  location  of  the  well,  but  that  the  search 
for,  and  discovery  of  the  "  Berea,"  as  an  oil-producing  sand  in  the  Macks- 
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burg  field,  were  due  to  those  simple  inferences  from  carefully  observed 
facts  concerning  the  order  and  relation  of  strata  in  the  earth's  crust 
which  form  the  elementary  principles  of  the  science  called  Geolop;y. 

The  Great  Development  1878  to  1885. 

In  the  fall  of  the  year  1878,  Mr.  George  Rice  decided  to  put  his  well, 
No.  14,  which  had  missed  the  600  foot  sand,  down  to  the  level  of  the 
sand  found  in  the  Bufifalo  well,  for  the  purpose  of  obtaining  gas  to  use  as 
fuel  in  working  his  shallow  wells.  The  well  was  completed  in  the  fol- 
lowing yejir;  the  sand  was  found  at  its  proper  horizon;  gas  enough  to 
run  the  shallow  wells  was  obtained,  and  about  fifteen  barrels  per  day 
of  amber-colored  oil  of  39°  gravity.  The  well  was  tubed  with  water- 
packer,  and  flowed  instead  of  waiting  to  be  pumped. 

It  is  now  difficult  to  understand  why  this  result  attracted  so  little 
attention.  It  is  true  the  well  was  small,  and  the  drilling  somewhat 
tedious  on  account  of  the  large  body  of  brine,  between  900  and  1,100 
feet,  calling  for  the  latter  amount  of  casing  if  one  wished  to  curry  his 
well  throup;h  the  oil-sand  dry.  At  any  rate,  no  other  wells  were  started 
until  1881,  when  Messrs.  Heiner  and  Pershing  drilled  on  the  Lund  farm, 
which  adjoins  Mr.  Rice's  tract.  This  well  found  the  sand,  and  a  large 
flow  of  gas  with  very  little  oil;  it  showed  no  improvement  after  being 
*'  shot"  with  100  pounds  of  Hercules  powder,  and  was  abandoned. 

The  next  venture  was  made  by  a  Mr.  Smith,  on  the  Jersey  farm 
(.Jacob  Dearth's)  in  1882,  and  in  the  same  year  Mr.  Hulings  commenced 
operations  on  the  A.  Perkins  farm,  and  Decker  &  Sons  on  the  Wm. 
Atkinson  farm.  Mr.  Smith's  well  produced  about  three  barrels  per  day, 
Mr.  Hulings',  eight  barrels,  and  Decker's,  tvi*elve  barrels.  This  was  the 
sum  total  of  operations  in  1882.  In  the  following  year,  Messrs.  Laing 
&  Co.  drilled  on  the  Ohio  Coal  Co.  lands,  and  obtained  a  well  which 
started  at  100  barrels  per  day,  and  at  once  attracted  the  attention  of 
Pennsylvania  operators.  The  following  list  shows  the  principal  opera- 
tors in  the  Macksburg  field,  besides  those  above  mentioned : 

Laing  &  Keeler,  Smithson  farm  and  Delong  farm. 

Mills  &  Mullen,  Clark  farm,  Q.  Stevens  and  Fatten  farm?. 

W.  B.  McManus,  Roff  farm. 

8t.  James  Oil  Co.,  James  Farm  and  Shaw  farm. 

Borkman  &  Laney,  Jersey  farm,  Clinedenst  and  Perkins  farms. 

Weaver  &  Co.,  McClouth  farm. 

Clark  &  Whitney,  A.  Warren  farm  and  W.  Atkinson  farm. 

C.  M.  Payne,  T.  George  farm  and  Shilling  farm. 

Bess  Brothers,  Smith  Dutton  farm. 

Union  .Oil  Company,  Williams  farm,  McGinnis  farm,  Hupp  farm. 
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Bradley  &  Lockwood,  Davall  farm,  Stone  farm. 

Anchor  Oil  Company,  M.  Shilling  farm,  G.  Hupp  farm. 

G.  J.  Garvey  A  Co.,  F.  Perkins  farm,  Clinedenst  farm. 

Charles  Lineman,  F.  Perkins  farm,  Osborne  farm,  Coffee  farm. 

R.  H.  Lee,  Ohio  Coal  Co.  lands. 

Theo.  Bamsdall,  Happ  farm,  Merrill  farm,  Morris  farm,  Deal  farm,  Phelps  farm, 
W.  Warren  farm. 

Boden  &  Aiken,  B.  F.  Atkinson  farm,  Dyei*  farm. 

John  Denman,  W.  Warren  farm,  Gordon  farm,  Shilling  farm,  Finch  farm,  Pat- 
ton  farm. 

Stevens  &  Longfellow,  6.  F.  Atkinson  farm. 

Gilmore  &  Porter,  Davis  farm,  Wiper  farm,  J.  Kellar  farm. 

McConnell  &  Penwell,  Egler  farm. 

Willis  Decker,  Decker  farm. 

Clark  &  Spellacy,  Clinedenst  farm. 

TiiANBPOBTATION* 

Prior  to  November,  1883,  there  were  no  pipelines  in  the Macksburg 
field.  Mr.  George  Rice  and  Messrs.  Decker  &  Sons  had  arrangements 
of  their  own  for  filling  oil  into  tank-cars  of  the  Cleveland  and  Marietta 
Railway. 

In  the  winter  of  1883,  lines  were  laid  for  conveying  the  oil  from 
the  field  by  the  "Ohio  Transit  Company,"  which  was  duly  incorporated 
in  the  following  April  with  a  nominal  capital  of  «250,(X)0,  by  T.  D.  Dale 
and  others,  of  Marietta,  Ohio.  Arrangements  were  made  by  the  com- 
pany with  the  C.  &  M.  R'y  to  carry  the  oil  over  its  road  in  tank-cars 
owned  or  leased  by  the  company.  Nearly  all  of  the  shipments  made 
from  the  field  during  the  year  1884,  except  Mr.  Rice's  production,  went 
through  the  Ohio  Transit  Company *s  lines. 

In  the  summer  of  1884,  a  line  was  laid  from  the  field  to  a  point  on 
the  Muskingum  river  near  Lowell,  by  *'The  Wesf  Virginia  Transporta- 
tion Company,"  of  Parkersburg. 

Immediately  following  the  completion  of  this  line,  ^'  The  National 
Transit  Company  "  commenc3d  building  iron  storage  tanks  in  the  field, 
and  purchasing  the  oil  at  a  premium.  In  the  spring  of  1885,  *'  The  Na- 
tional Transit "  purchased  the  two  competing  lines,  and  laid  a  three- 
inch  line  of  its  own  from  the  field  to  Parkersburg,  W.  Va.,  which  is 
known  as  "The  Macksburg  Pipe  Line".  Since  the  completion  of  the 
National  line,  Mr.  George  Rice  has  laid  a  two-inch  line  from  the  field  to 
a  point  on  the  Muskingum  River  near  Lowell,  through  which  he  ships 
the  oil  produced  and  purchased  by  himself.  The  following  statement 
of  production  is  furnished  by  Mr.  D.  J.  O'Day,  Superintendent  of  the 
**  Macksburg  Pipe  Line." 
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Macksbubg,  Onio,  March  30, 1886. 
F,  W,  MirUhaU,  Etq,,  Parkertburg,  Weil  Virginia: 

Dear  Sir:    Below  find  close  estimate  production  of  the  Macksbarg  field  from 
Angast,  1884,  to  Febraaiy,  1886: 

August,        1884 4,600     barrels. 

September,  1884 5,071.82  " 

October,       1884 6,94990  " 

November,  1884 9,812.69  " 

December,    1884 10.055,27 

January,       1885 14.894.18  " 

February,     1886 21,625.26  " 

March,         1885 28,067.39  " 

April,           1886 42,227.02  " 

May,             1886 48,957.81  " 

June,           1885 66,181.94  " 

July,             1886 79,736.57  " 

August,        1885..., 76,228.08  « 

September,  1885 72,110.13  « 

October,       1885. 69,61892 

November,  1886 67,926.06  " 

December,   1886 66,175.80  " 

January,      1886 61,926.44  " 

February,     1886 57,682.91  " 

Respectfully  yours, 

D.  J.  O'Day,  Sfiperintendent, 

In  defining  the  limits  of  the  field,  the  following  dry  wells  were 
found : 

F.  W.  Minsball,  one  on  M.  Mitchell  farm— gas. 

Heiner  &  Pershing,  one  on  Lund  farm— gas. 

St,  James  O.  Co.,  one  on  Eagle  Oil  Association  farm— gas. 

St  James  O.  Co.,  one  on  R.  K.  Shaw  farm. 

Bradley  &  Co.,  oud  on  Hall  farm. 

Nesbitt  &  Co.,  one  on  J.  Schram  farm. 

Brown  &  Co.,  one  on  M.  True  farm. 

Bradley  &  Lock  wood,  one  on  Linscomb  farm. 

Clark  &  Whitney,  one  on  Armstrong  farm. 

Mills,  one  on  Morris  farm. 

Mills  &  Mullen,  one  on  Schilling  farm. 

Union  Oil  Co.,  one  on  Huddleston  farm. 

Union  Oil  Co.,  one  on  Neptune  farm. 

Theo.  Barnsdall,  one  on  Otter  Slide  farm. 

Qilmore  &  Porter,  one  on  Mosher  farm. 
Noe.  16  and  17.    Gilmore  &  Porter,  two  on  J.  Eellar  farm— gas. 
No.  18.    Gilmore  &  Porter,  one  on  Wiper  farm. 
No.  l9.    Decker  &  Sons,  one  on  Decker  farm— gas. 
No.  20.    Bailey  &  Co.,  one  on  Jno.  Eathary  lot— gas. 

The  above  wells  are  numbered  and  connected  by  lines  upon  the 
annexed  map  of  the  Macksbnrg  field.    The  lines  go  entirely  around  the 
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field,  and  the  space  intervening  will  be  measured  by  them  on  the  scale 
of  one  mile  to  the  inch. 

The  following  dry  wells  have  been  drilled  at  other  points  to  a  depth 
sufficient  to  reach  the  Berea  sand : 

Dale  &  Co.,  one,  Mar^^ridj^e  f -irm,  near  Dexter. 
Dunn  &  Worrall,  one,  Noble  county,  near  Dexter. 

**  "  "  near  South  Olive. 

Pryor  &  Co.,  "  "  near  Dudley. 

Caldwell  O.  and  G.  Co.,  one,  Noble  county,  near  Caldwell. 
Marietta  Gas  Co ,  one,  Washiagton  county.  Marietta. 
Bradish  Oil  Co.,  one,  "  Fifteen  Mile  creek— gas. 

Whimey  &  Morton,  one,  "  Covey  farm. 

J.  Rnkefarm. 
Bigham  &  Co.,  "  "  F.  Gilman  farm. 

Tucker  farm. 

At  Federal  Creek,  the  following  wells  were  drilled  to  the  horizon  of 
the  Berea;  in  all  of  them  a  fair  thickness  of  the  sand  was  found,  but  it 
contained  neither  gas  nor  oil : 

Dale  &  Co.,  one,  Morgan  county.  Bishop  farm. 
Bradley,  Laing  &  Co.,  one,  Morgan  county,  Swayne  farm, 
Williams  &  Co.,  one,  Morgan  county,  L.  L.  Joy  farm. 
Dale  Sl  Co.,  one,  Athens  county,  mouth  of  Big  Run. 

Thus  far  all  attempts  to  extend  the  Macksburg  field,  or  to  find 
another  productive  **  pool "  in  the.  Berea  sand,  have  been  unavailing. 
The  best  indications  are  those  found  in  the  Bradish  Oil  Company  well, 
on  the  C.  P.  Epler  tract,  in  Liberty  township.  This  well  shows  twenty 
feet  of  the  Berea,  with  a  strong  flow  of  gas  from  the  top  of  it,  and  the 
whole  thickness  saturated  with  the  amber  colored  petroleum  peculiar  to 
it.  The  rock  is  rather  firm  in  texture,  but  is  a  clear  quartz  sand,  and  is 
superior  in  quality  and  thickness  to  that  found  in  the  writer's  well  on 
the  Mitchell  farm,  which  opsned  the  Macksburg  field. 

From  the  foregoing  pages  it  will  be  seen  that  the  search  for  petro- 
leum in  Washington  county  has  been,  in  a  great  measure,  confined  to 
Aureliup,  Salem,  Liberty,  Lawrence  and  Newport  townships,  and  that 
more  or  less  oil  has  been  found  in  each  one  of  them.  The  drilling  was 
caused  by  surface  indications  in  each  township,  viz.:  Oil  on  the  surface 
of  Duck  Creek,  at  James  Button's,  in  Aurelius ;  oil  on  Pawpaw  Creek,  in 
Salem ;  a  burning  gas  spring  on  Mill  Pork  of  Fifteen  Mile  Creek,  in  Lib- 
erty;  a  burning  spring  on  Cow  Run,  in  Lawrence,  and  oil  in  the  sand- 
rock  in  bed  of  Newell's  Run,  in  Newport.  In  each  case  the  development 
extended  from  the  starting  point  along  the  beds  of  the  several  streams, 
and  no  drilling  was  done  upon  the  uplands  until  the  derricks  began  to 


/Httc/iz  c 

>\ 

'@ 

^ 

\)^' 

e 

r^i: 

J 

-y      1 

^!^ 


7    <i\; 


f 


yf  I 


Jo       I 

.1 


£Si 


tjTa 


461 

field,  and  t 

of  one  inil« 

The  I'o 

sufficient  1 

Dale  & 
Dunn  A 

n 

Pryor  ^ 
CftldwM 
Mariet 
Brftdia 
Whim 

Bigba: 


At  I 
the  Bere 
contains 

Dale 
Brad 
Will 
Dale 

Th 

anothe 
Thebe 
on  the 
feet  of 
whole 
it.  T 
Buperi 
theM 

leum 
Aure 
more 
caus< 

of  D 
Sale 
erty 
roclj 
ext( 
and 


THE   MACK^BUBG   OIL-FIELD.  465 

climb  the  Cow  Run  hillsides  in  1869.  In  the  Macksburg  field  no  drilling 
was  done  on  the  hill  territory  prior  to  1881.  Not  even  the  ghost  of  a 
geological  theorist  was  seen  or  heard  by  the  practical  operator  prior  to 
1870.  Wells  were  located,  sometimes  with  a  peach-tree  fork  in  the 
hands  of  an  oil-wizard,  at  other  times  *^  Aunt  Judy,"  a  colored  fortune- 
teller, of  Marietta,  was  called  upon  to  designate  the  lucky  spot.  Others 
still  put  faith  in  a  small  phial  of  oil  suspended  from  a  switch  in  the 
hands  of  the  wizard,  while  the  majority  went  in  **  blind,"  and  trusted 
to  luck.  In  1870  it  was  discovered,  by  drilling  all  around  the  Cpw  Run 
field,  that  the  productive  territory  was  confiaed  to  the  crest  of  a  small 
anticlinal.  It  was  also  discovered  that  the  productive  territory  at  Horse- 
neck,  White  Oak  and  Burning  Springs,  in  West  Virginia,  was  similarly 
situated.  Since  then  attention  has  been  directed  to  the  contour  of  the 
surface-rocks,  as  well  as  to  surface-shows  of  oil,  in  seeking  new  fields. 
The  surface-shows  in  the  townships  above-named  would  be  covered  by  a 
comparatively  narrow  belt  running  in  a  northwesterly  direction  from 
the  mouth  of  Newell's  Run,  on  the  Ohio  River,  to  Mackbburg.  Oil-belts, 
however,  being  credited  by  Pennsylvania  operators  with  having  a  pre- 
dilection for  a  northeasterly  course,  the  attention  of  those  having  faith 
in  *'  belt "  theories  has  not  been  attracted  by  this  fact.  For  the  purpose 
of  showing,  in  a  general  way,  the  contour  of  the  rocks  in  the  townships 
above-named,  a  series  of  levels  was  run  and  the  results  are  shown  in  the 
annexed  profiles.    (Section  from  Macksburg  to  Ohio  River.) 

Line  No.  1  commences  at  Dexter  City  station  on  the  C.  &  M.  railway, 
and  running  a  southeasterly  course  crosses  Goose  Run  at  the  residence 
of  B.  F.  Atkinson,  thence  across  lands  of  said  Atkinson,  F.  Perkins,  Lee 
&  Apple,  McGinnis  and  Ohio  Coal  Company,  to  Long  Run.  Crosses 
Long  Run  above  residence  of  G.  W.  St.  John,  runs  thence  across  lands 
of  S.  W.  Dutton,  Sam'l  Still  and  others,  to  East  Fork  of  Duck  Creek! 
Crosses  Bast  Fork  at  mouth  of  Gould's  Run,  in  Salem  township,  runs 
across  lands  of  M.  True  near  Brown  &  Co.  test-well,  thence  to  Pawpaw 
Creek.  Crosses  Pawpaw  at  mouth  of  Cline's  Run,  in  Liberty  township, 
thence  up  right-hand  fork  of  Cline's  Run  across  lands  of  G.  C.  Best  and 
others,  into  the  head  of  Goss's  Fork  of  Fifteen  Mile  Creek  ;  thence  down 
Fifteen  mile  to  its  junction  with  the  Little  Muskingum  River,  in  Law- 
rence township;  thence  to  mouth  of  Bear  Run,  and  up  the  run  to  its 
head;  thence  over  the  ritJge  by  Pine  Grove  church  and  acroFslandsof  A. 
Shafer  and  others,  into  the  head  of  Dana's  Run ;  thence  down  Dana's 
Run  to  Milltown  and  acrofs  lands  of  S.  Dona  and  others  to  the  Ohio 
River  opposite  the  month  of  Middle  Island  Creek. 

30        G. 
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No.  2  ruDS  parallel  with  No.  1,  and  about  two  miles  to  the  south- 
west ot  it.  Beginning  near  the  head  of  Sugar  Run,  at  Jacob  Baker's 
west  line  in  Lawrence  township,  it  runs  over  the  ridge  into  the  head  of 
Baker  branch  of  Morse  Run ;  thence  down  the  run  to  its  junction  with 
the  Little  Muskingun.  River;  crossing  the  river  it  runs  over  the  ridii^e 
across  Section  20  into  Cow  Run,  up  Cow  Run  to  its  head,  and  over  the 
ridge  into  Newell's  Run,  thence  down  Newell's  Run  to  mouth  of  Kerr's 
branch,  thence  over  the  hill  across  lands  of  L.  Rowland,  A.  Friedle  and 
£.  Buttelle  to  Ohio  River,  one  mile  below  Newport. 

TU^se  two  lines  show  three  Ip^ell- marked  anticlinals,  which  may  be 
designated  the  Liberty,  the  Lawrence  and  the  Newport  arches. 

Line  No.  1  crosses  the  Liberty  arch  about  one  mile  southwest  of  its 
highest  point  (as  shown  in  No.  3).  It  crosses  the  extreme  northern  end 
of  the  Lawrence  and  Newport  arches  where  they  are  only  indicated  by 
the  dip  on  the  southeast  side  of  the  Newport  one.  Line  No.  2,  however, 
shows  the  southeast  dip  of  the  Liberty  arch,  crosses  directly  over  the 
crest  of  the  Lawrence,  and  also  over  the  Newport  axis  at  its  highest 
point  in  Ohio.  The  Newport  is  the  northern  extension  of  the  White 
Oak  anticlinal^  and  profiles  Nos.  1  and  2  show  how  rapidly  it  is  flatten- 
ing out  to  the  northeast.  Line  No.  8  begins  at  Marietta,  runs  in  a 
northeasterly  direction  to  the  moifth  of  Sugar  Run,  in  Fearing  town- 
ship ;  thence  up  Sugar  Run  to  its  head,  and  across  the  head  of  Mill 
Fork  to  Goss's  Fork  of  Fifteen  Mile,  where  it  crosses  Line  No.  1  on  lands 
of  C.  F.  Epler;  thence,  running  with  the  strike  of  the  Liberty  arch, 
crosses  Dean's  Fork  on  lands  of  E.  Schwarz,  Sycamore  Fork  on  lands  of 
A.  Smith,  main  fork  of  Fifteen  Mile,  on  lands  of  William  Roberts,  and 
£ast  Fork  on  lands  of  Jacob  Schenkel ;  thence  over  the  ridge  into  the 
head  of  Whitten  Run  in  Monroe  county,  and  down  Whitten  two  miles 
to  ibrks  of  the  run. 

The  profiles  show  1st,  a  dip  southeast  from  Goose  Run,  in  the 
Macksburg  field,  to  the  bottom  of  the  Pawpaw  synclinal  of  200,  f^et 
as  measured  on  coal  No.  10.  2d.  On  the  Liberty  arch  a  northwesterly 
dip  of  114  feet  to  bottom  of  Pawpaw  synclinal ;  a  southeasterly 
dip  of  187  feet  to  Ohio  River  at  mouth  of  Middle  Island  Creek ;  a 
southwesterly  dip  of  307  feet  to  the  mouth  of  Sugar  Run,  and  a  north- 
easterly dip  of  seventy-one  feet  to  the  forks  of  Whitten  Run  in  Monroe 
county,  as  measured  on  coals  Nos.  10  and  11.  3d.  On  the  Lawrence  arch , 
a  northwesterly  dip  of  200  feet  to  the  bottom  of  the  Morse  Run  syn- 
clinal, a  southeasterly  dip  of  172  feet  to  head  of  Cow  Run,  as  measured 
on  coals  N6s.  9, 10  anid  11.  4th.  On  the  Newport  arch,  a  northwesterly 
dip  of  270  feet  to  head  of  Cow  Run,  and  a  southeasterly  dip  of  305  feet 
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to  bed  of  Green's  Ran  in  West  Virginia,  opposite  Newport,  Ohio,  as 
measured  on  coals  Nos.  9  and  10. 

In  the  test-wells  drilled  along  Line  No.  1,  it  was  found  that  the 
dip  of  the  Berea  sand  does  not  exactly  coincide  with  that  of  the  upper 
coal  veins;  this  variation  is  caused  by  a  thickening,  to  the  south- 
east, of  the  rocks  lying  between  coal  No.  10  and  the  Berea.  At  Macks- 
burg  this  interval,  as  shown  at  well  No.  1  in  the  figure,  is  1,681  feet ; 
at  No.  2,  1,687  feet;  at  No.  4,  1,713  feet,  and  at  No.  5,  1,790  feet, 
where  the  interval  appears  to  reach  its  maximum,  which  it  very  nearly 
Biaintains  to  the  Ohio  River. 

The  position  of  the  Berea  in  the  Pawpaw  synclinal  is  estimated  by 
averaging  the  interval  between  wells  No.  4  and  No.  6.  In  the  drawing 
the  figures  at  the  top  denote  the  height  of  the  respective  points  above 
sea-level ;  those  at  the  bottom  show  how  many  feet  the  top  of  the  Berea 
sand  lies  below  sea-level. 

The  high  point  indicated  in  the  figure  as  the  site  of  the  "  Gruber 
church, "  is  2,106  feet  above  the  Berea  sand.  This  may  be  taken  as  the 
greatest  depth  it  will  be  necessary  to  drill  for  the  Berea  from  the  highest 
pointff  in  any  of  the  townships  through  which  Lin«  No.  1  passes.  By 
means  of  the  bench  marks  along  the  lines  of  the  survey,  and  the  figured 
depth  of  the  Berea  below  sea-level,  it  will  be  an  easy  matter  to  estimate 
pretty  closely  the  depth  to  the  sand  from  any  point  in  this  part  of 
Washington  county. 

Natural  Gas  in  the  Maoksburo  Field. 

Since  the  application  of  natural  gas  to  manufacturing  purposes  as 
a  fuel  that  may  be  cheaper  and  better  than  coal,  when  found  within 
reach  of  the  larger  towns,  a  large  gas-well  may  have  an  economic  value 
equal,  if  not  superior  to  that  of  an  average  oil-well.  There  is  always 
more  or  less  gas  found  with  the  petroleum  in  an  oil-bearing  rock.  In 
the  deeper  wells  the  quantity  of  gas  is  sufficient  to  thi'ow  the  liquid 
petroleum  out  of  the  well  through  the  tubing.  The  gas  is  therefore 
constantly  issuing  from  the  flowing  wells,  and  it  is  carried  in  pipes  to 
the  furnaces  of  the  drilling  wells.  After  the  first  flowing  well  is  ob- 
tained upon  a  tract  the  succeeding  wells  are  usually  drilled  with  very 
little,  if  any,  expenditure  for  fuel.  When  more  gas  is  obtained  than  is 
necessary  for  drilling  purposes,  the  surplus  is  carried  into  the  houses 
and  used  for  both  heating  and  lighting  them.  Most  of  the  towns  in 
the  immediate  vicinity  of  the  several  oil-fields  are  now  fully  supplied 
with  gas  for  domestic  use,  and  large  quantities  escape  and  are  wasted. 
In  prospecting  for  oil  it  frequently  happens  that  at  some  points  the  oil- 
bearing  stratum  is  completely  filled  with  an  accumulation  of  gas  having 
a  high  tension.    In  such  wells  the  natural  pressure  of  the  gas  is  suffi- 
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cioht  to  force  it  through  mains  to  towns  several  miles  distant.  A  few 
wells  of  this  kind  have  been  found  in  the  course  of  development  de- 
scribed in  the  preceding  pages.    The  first  one  was  drilled  by  Mr.  John 

B.  Kigans,  in  1870,  in  the  Cow  Run  field,  on  the  crest  of  the  Lawrence 
township  anticlinal.  The  well  went  through  the  600  foot  sand  dry,  and 
was  put  down  for  a  deep  test-well.  It  was  located  on  the  hillside,  about 
100  feet  above  the  Meigs  Creek  coal ;  at  1,200  feet  a  heavy  vein  of  gas 
was  struck  in  the  top  of  the  salt-water  sand.  The  flow  of  gas  was  so 
strong  that  it  was  not  thought  possible  to  drill  it  any  deeper,  and  it  was 
abandoned.  In  1878,  the  well  heretofore  described  as  the  first  one  drilled 
into  the  Berea  at  Macksburg,  on  Buffalo  Run,  struck  a  strong  flow  of 
gas  in  the  top  of  the  sand.  Since  the  development  of  the  Macksburg 
field,  several  similar  wells  have  been  discovered. 

Relative  Positions  of  Gas  and  Oil. 

The  annexed  map  shows  the  relative  position  of  the  gas-streak  to 
the  best  productive  oil  territory  in  the  field.  All  the  wells  on  the 
northwest  side  of  the  line  have  strong  gas  and  little  or  no  oil.  The 
figures  enclosed  in  rectangles  show  the  depth  at  which  the  top  of  the 
Berea  is  found  in  the  respective  ifc^lls. 

The  well  lately  drilled  by  the  Bradish  Oil  Company  (1885),  on  the 

C.  F.  Epler  fawn,  Fifteen  Mile  Creek,  is  located  on  the  crest  of  the  Liberty 
township  anticlinal.  It  has  a  strong  flow  of  gas  and  very  little  oil  from 
the  Berea  sand.  It  is  the  only  well  drilled,  as  yet,  on  the  crest  of  this 
arch.  The  well  is  about  eleven  miles  distant  from  Marietta,  and  seems, 
thus  far,  to  promise  the  nearest  available  supply  for  that  city.  A  well 
lately  completed  by  Messrs.  Whitney  and  Mort  n,  on  the  Jacob  Rake 
farm,  northeast  quarter  of  section  10,  Lawrence  township,  found  a  strong 
flow  of  gas  in  the  second  Cow  Run  sind,  but  nothing  in  the  Berea.  The 
Marietta  Natural  Gas  Company,  also,  found  a  considerable  vein  of  gas 
in  their  well  now  drilling  on  the  C.  Cherry  farm,  in  Fearing  township. 

Refineries  of  the  Field. 

In  1861,  Mr.  Jonathan  Hofi  finding  no  sale  for  the  oil  from  his  Cow 
Run  well,  occasionally  drew  a  wagon  load  to  Marietta,  and  left  it  in 
store  with  R.  P.  lams  &  Company.  About  100  barrels  of  it  had  accu- 
mulated in  their  Ijiands  in  this  way,  when  it  wfis  purchased  by  W.  L» 
Greenhill,  at  nine  cents  per  gallon.  It  was  put  into  a  flat-boat  by  Mr. 
Greenhill  and  poled  up  the  Muskingum  River  to  Zanesville,  Ohio,  where 
Mr.  Matthew  Hodkiuson  had  erected  a  small  refinery  for  the  purpose  of 
purifying  the  coal-oil  then  being  manufactured  at  Newark,  Ohio.  Mr. 
Greenhill  succeeded  in  exchanging  his  crude  petroleum  with  Mr.  Hod- 
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kinson  for  refined  oil,  which  he  put  into  his  flat  and  pushed  back  to 
Marietta.  Soon  after  this  transaction  Mr.  Hodkinson  came  to  Marietta, 
and,  in  company  with  his  sons,  built  a  refinery  in  the  upper  end  of  the 
city,  on  the  bank  of  the  Muskingum  Eiver.  The  original  plant  con- 
tained three  stills  of  about  forty  barrels  capacity  each.  The  works 
were  ready  for  operation  in  1861. 

In  the  same  year,  Dr.  J.  C.  Herring  built  a  small  refinery  on  the 
upper  end  of  Greene  street.  His  first^still  was  made  from  an  old  stoam- 
boiler ;  he  afterwards  put  in  a  new  still  of  sixty  barrels  capacity.  Mr. 
C.  F.  Buell  became  a  partner,  and  the  business  was  carried  on  under  the 
firm  name  of  Herring  &  Buebl  until  1865.  An  unfortunate  contract 
made  in  that  year  for  the  product  of  the  Newton  wells  for  a  year;  at 
$12.00  per  barrel  at  the  well,  caused  the  firm  to  suspend  business. 

The  third  refinery  built  was  that  of  Messrs.  McAllister  and  Green- 
hill,  on  the  Newport  turnpike,  about  two  miles  from  Marietta.  This 
was  built  about  1861-2,  and  contained  one  still  of  fifty  barrels  capacity. 

The  next  was  that  of  Messrs.  Greenhill  &  Hodkinson,  on  Third 
street,  between  Greene  and  Ohio  streets;  one  still,  capacity  eighty 
barrels. 

In  1863-4,  Messrs.  R.  P.  Iams^4&  Son  put  -up  their  works,  corner  of 
Second  and  Montgomery  streets,  Marietta.  Started  with  one  still  of 
sixty-five  barrels  capacity,  afterwards  put  in  one  of  125  barrels  and  one 
of  150  barrels  capacity. 

In  the  same  year,  Messrs.  Greenhill  &  Hodkinson  removed  their 
works  from  Third  street  to  the  mouth  of  the  Little  Muskingum  River, 
four  miles  above  Marietta.  These  works  afterwards  passed  into  the 
hands  of  Curtis,  Newton  &  Co.,  and  finally  came  into  the  possession  of 
0.  M.  Lovell  &  Co.,  by  whom  they  have  been  run  successfully  for  several 
years  as  the  '*  Phoenix  Oil  Works."  The  original  eighty  barrel  still 
was  i^placed  by  one  of  250  barrels  capacity,  after  the  works  came  into 
Mr.  LovelPs  hands. 

In  1864,  a  small  refinery  was  built  on  the  upper  end  of  Greene 
street,  in  Marietta,  by  Mr.  W.  C.  McCarty.  The  still  had  a  capacity  of 
seventeen  barrels.  The  first  lot  of  refined  oil,  eighty-five  barrels,  was 
shipped  to  Cincinnati,  and  sold  for  eighty-four  cents  per  gallon.  Mr. 
McCarty  afterwards  put  in  another  still  of  fifty-barrel  capacity.  In 
1872,  the  plant  was  moved  to  its  present  location,  one  mile  below  Har- 
mar,  on  the  bank  of  the  Ohio  River.  The  present  still  capacity  is  one 
fifty-barrel,  one  one  hundred-barrel,  and  one  two  hundred  and  twenty- 
five-barrel.  The  works  are  still  run  by  Mr.  W.  C.  McCarty  &  Son,  and 
are  known  as  tke  "  Marietta  Oil  Works." 
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In  1876,  Mr.  C.  K.  Leonard  began  building  a  refinery  alongside  the 
C.  &  M.  Railway,  on  the  outskirts  of  Marietta.  In  the  following  year 
these  works  came  into  the  possession  of  George  Rice,  Esq.,  who  put  in 
two  stills  of  one  hundred  barrels  each.  He  has  since  added  one  of  three 
hundred  barrels,  and  another  of  six  hundred  barrels  capacity,  making 
a  total  of  1,100  barrels  still  capacity ;  being  known  as  ^*  The  Ohio  Oil 
Works." 

In  1876-7,  R.  P.  lams,  Theodore  D.  Dale,  and  others,  built  what  is 
now  known  as  '^Tae  Argand  Oil  Refinery,"  on  the  bank  of  the  Ohio 
River,  about  one  mile  below  Uarmar.  The  original  plant  contained 
three  small  stills,  of  about  thirty-five  barrels  capacity  each,  brought 
from  the  old  refinery  of  White,  Hook  &  Co.,  at  Stockport,  Ohio.  These 
small  stills  have  since  been  replaced  by  one  of  sixty-five  barrels,  one  of 
one  hundred  and  twenty-five  barrels,  and  one  of  one  hundred  and  sev- 
enty five  barrels  capacity. 

In  1881,  Mr.  Richard  Patton  started  the  manufacture  of  cold  test 
lubricating  oils  at  the  lock- factory  bui  ding  in  Harmar.  In  1882,  the 
works  were  removed  to  a  site  on  the  C,  W.  &  B.  Railway.  There  were 
two  stills  of  seventy  barrels  capacity  each.  Mr.  Patton  confined  his 
attention  to  the  manufacture  of  lubricating  oils,  using  crude  from  the 
White  Oak  district  of  West  Virginia.  In  1884  the  works  were  sold  to 
the  "  Argand  "  Company. 

In  the  present  year  (1885),  Messrs.  W.  L.  Greenhiir&  Co.  have 
erected  works  at  Marietta,  for  the  manufacture  of  cylinder  and  engine 
oils,  axle-greases  and  lubricating  oils  of  all  grades.  They  have  not  yet 
put  in  any  siills,  but  contemplate  doing  so  at  an  early  day. 

In  1861-2,  a  small  refinery  was  built  at  McConnelsvilie,  Ohio,  and 
also  one  in  1863,  at  Stockport,  Ohio,  for  the  purpose  of  working  the 
crude  petroleum  obtained  from  Buck  Run  and  Federal  Creek,  in  Morgan 
county.  In  1876  the  former  was  purchased  and  wrecked  by  the  Camden 
Consolidated  Oil  Company,  of  Parkersburg,  West  Virginia,  and  the 
latter  was  purchased  and  moved,  as  above  stated,  by  Messis.  lams  and 
Dale,  to  Harmar,  Ohio.  In  the  same  year  (1876),  the  Camden  Company 
purchased  the  *'  Hodkinson"  and  the  ^'  R.  P.  lams  &  Son"  refineries,  and 
removed  the  stills  and  machinery  to  Parkersburg. 

The  sources  from  which  the  early  refiners  drew  their  supplies  of 
crude,  between  1861  and  1866,  were  Burning  Springs,  on  the  Little 
Kanawha  River;  Horseneck,  on  the  Virginia  side  of  the  Ohio  River, 
nine  mileS  above  Marietta ;  Cow  Run  and  Macksburg.  From  1866  to 
1876  the  supply  came  chiefly  from  the  600-foot  sand  of  Cow  Run,  and 
the  140  foot  sand  of  Macksburg.  Between  1876  and  the  development  of 
the  *'  Berea"  sand  at  Macksburg,  the  refiners,  especially  Mr.  Rice,  fre- 
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queutly  had  to  go  to  Pittsburgh  for  crude.  Now,  the  Macksburg  field 
yields  sufficient  to  supply  all  of  the  refineries  at  Marietta  and  Parkers- 
burg,  and  still  has  considerable  to  spare  for  Cleveland. 

The  oils  obtained  frooi  the  shallow  sands  of  Macksburg  and  Cow 
Run  (140  to  600  feet),  are  of  a  dark-green  color,  have  a  specific  gravity 
ranging  from  42^  to  46°  B.,  and  yield  a  large  percentage  of  good  illumin- 
ating oil;  the  percentage  of  amorphous  paraffine  is  small,  and  their 
distillation  yields  a  comparatively  laige  amount  of  high  test  oil  of 
light  gravity.  In  these  respects  they  differ  from  the  deep  oil  of  Macks- 
burg in'much  the  same  way  that' the  oil  from  Butler  county  differs  irdm 
that  of  Bradford. 

DISTILLATION  OF   PETROLEUM. 

The  products  of  the  distillation  of  petroleum  cover  a  wide  range, 
and  may  be  divided  into  three  groups :  1st,  those  which  evaporate  rap- 
idly; 2d,  those  which  remain  liquid;  and  3d«  those  that  are  solid  at 
ordinary  temperatures.  The  first  group  contains  the  gasolines  and  ben- 
aines,  or  napthas.  In  the  second  are,  standard  carbon-oils  from  110®  to 
150%  fire- test;  water-white  carbon-oils  from  160®  to  175®,  fire-test;  min- 
eral sperm  burning  oil  of  SCO®,  fire  test;  common,  filtered  and  bloomless 
neutral  oils,  from  34®  to  37®  gravity;  common,  filtered  and  cold-pressed 
paraffine  oils,  from  25®  to  30®  gravity;  common  and  filtered  cylinder- 
stocks,  black  reduced  lubricating  oils,  from  28®  to  30®  gravity,  and  re- 
siduum. The  third  contains  the  crude  and  filtered  vasilines,  crude  and 
bleached  paraffine-wax  and  coke  points  for  the  electric  light. 

In  describing  the  pro/sess  of  refining,  only  those  methods  which  are 
in  common  use  will  be  given.  Many  of  the  products  above-named  are 
only  manufactured  by  a  few  firms  who  have  made  a  study  of  the 
chemistry  of  the  subject;  they  are  generally  neglected  by  the  average 
refiner,  who  does  not  employ  an  expert  chemist,  or  have  a  laboratory  for 
experimental  research  as  a  part  of  his  plant. 

The  stills  now  in  use  are  chiefly  of  a  cylindrical  farm,  containing 
from  200  to  1,000  barrels  each  ;  they  are  firmly  set  on  a  heavy  brick  wall 
in  such  manner  as  to  expose  the  largest  possible  surface  of  the  bottom 
to  the  heat  of  the  furnace.  The  main  point  in  setting  is  to  have  the 
entire  bottom  as  evenly  heated  as  possible.  The  outlet  for  the  vapor 
into  the  worm  of  the  condenser  should  be  duly  proportioned  to  the  size 
of  the  still,  large  enough  to  allow  the  vapors  to  escape  as  rapidly  as 
they  are  formed. 

The  crude  oil  is  pumped. into  the  still,  taking  the  precaution  to 
have  it  as  free  from  water  as  possible ;  sufficient  room  must  be  left  at 
the  top  for  expansion  and  ebullition  of  the  oil.   While  the  still  is  fiUinp^, 
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a  fire  is  started  in  the  farnace  underneath,  and  the  firing  is  kept  up 
steadily  until  the  run  is  completed.  The  vapor  passes  over  into  the 
worm  of  the  condenser,  a  large  tank  kept  full  of  cold  water,  and  is  con- 
densed. At  the  end  of  the  condenser  is  the  lunning-box,  where  the 
specific  gravity  of  the  distillate  is  tested,  and  where  it  is  turned  into 
the  receiving  tanks.  It  is  here  that  the  separation  of  the  distillate  into 
the  difierent  grades  of  benzine,  standard,  water-white,  etc.,  is  made  by 
shifting  the  Fteam  at  thie  running-box  into  the  lines  which  lead  to  the 
respective  tanks,  when  tlie  desired  degree  of  gravity  is  reached. 

From  the  receiving  tanks  the  carbon  oil  distillates  are  pumped  into 
the  '^  agitator,"  a  large  iron  tank  with  a  cone-shaped  bottom,  into  which 
a  strong  blast  of  oil  is  carried  from  a  double-acting  air-pump  or  '*  blower." 
The  distillate  is  first  freed  from  any  water  which  may  be  held  in  suspen- 
sion ;  it  is  then  **  treated"  with  about  two  per  cent,  by  weight,  of  sul- 
phuric acid.  The  treatment  consists  in  thoroughly  mixing  the  acid 
with  the  oil  by  means  of  the  air-blast,  which  is  delivered  upward  from 
the  bottom  of  the  agitator.  This  removes  any  particles  of  fixed  carbon 
or  other  solid  matters,  and  also  removes,  to  a  great  extent,  the  yellow 
color  and  disagreeable  odor  of  the  distillate.  The  agitation  is  continued 
until  a  sample  taken  in  a  test-glass  shows  that  the  ''  sludge"  formed  by 
the  acid  will  settle  quickly  to  the  bottom  of  the  glass,  leaving  the  oil 
clear  at  the  top.  The  blower  is  then  stopped  and  the  "  sludge"  allowed 
to  settle  in  the  cone-shaped  bottom  of  the  agitator,  from  which  it  is  then 
run  into  a  epent-4icid  tank.  It  is  better  to  draw  out  a  little  of  the  oil 
than  to  leave  any  of  the  acid  in.  The  oil  is  then  thoroughly  washed 
with  a  large  quantity  of  water  until  the  water  drawn  off  below  shows 
no  acid  reaction.  It  is  then  treated  with  either  a  solution  of  caustic- 
soda  or  with  aqua-ammonia,  to  remove  any  remaining  trace  of  acid,  and 
render  the  oil  clear  and  bright.  Ho  excess  of  alkali  should  be  allowed 
to  remain  in  the  oil.  If  the  *^  treatment"  has  been  properly  conducted, 
the  oil  is  ready  for  shipment  when  it  leaves  the  agitator,  although  it  is 
u&ually  allowed  to  stand  a  short  time  in  what  used  to  be  called  the 
"  bleacher,"  before  it  is  shipped. 

In  the  early  days  of  refining,  the  whole  run  from  the  still  was  made 
into  one  grade  of  burning  oil.  It  was  soon  discovered  that  this  contained 
a  dangerous  element,  which  rendered  it  unsafe  for  family  use.  Inspec- 
tion laws  were  therefore  passed  requiring  the  oil  to  stand  a  prescribed 
fire  test.  The  United  States  standard  test  was  fixed  at  110^  Fahr.,  for 
the  burning  point,  and  a  heavy  tax,  at  one  time  as  high  as  twenty  cents 
per  gallon,  was  placed  upon  it.  After  the  removal  of  the  tax,  110^  test 
was  considered  the  standard  until  the  several  states  began  to  pass  in' 
spection  laws  requiring  different  tests.    Finally,  public  opinion  in  most 
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of  the  states  has  fixed  upon  150^  Fahr.  for  the  burning  point,  as  practi- 
cally safe.  The  standard  for  export,  however,  still  remains  at  from  110** 
to  115^  Fahr.  In  order  to  make  the  oil  stand  the  government  test  (110^), 
it  was  necessary  to  "cut  off"  the  first  part  of  the  run  and  turn  it  into 
a  separate  tank.  In  some  cases  this  product  was  allowed  to  run  to  waste, 
there  being  no  commercial  demand  for  it,  and  its  exceedingly  volatile 
character  making  it  both  difficult  and  dangerous  to  keep  it  in  store.  Its 
value  as  fuel  was  soon  discovered,  and  many  refiners  burned  it  und^er 
the  8till9.  The  readiness  with  which  it  could  be  converted  into  vapor, 
and  the  value  of  this  vapor  for  heating  and  illuminating  purposes,  soon 
led  to  the  invention  of  the  vipor  cooking-stove,  the  gasoline  st'reet- 
lamp,  and  the  gas-machine  for  private  houses  and  factories.  Having 
reached  this  point,  it  soon  found  its  way  into  the  retorts  of  the  large 
gas  companies  as  «  substitute  for  coal.  These  several  uses  give  the  ben- 
zine or  naptha  series  a  commercial  value  equal,  if  not  superior,  to  any 
other  part  of  the  "  run"  from  the  still.  It  is  now  carefully  separated 
into  different  gravities,  those  destined  for  use  in  the  gas-machine  run- 
ning from  85^  to  90^  B.;  the  grades  intended  for  domestic  use  are  deodor- 
ized, and  have  only  one  objectionable  quality  left,  that  is  their  in- 
flammability. 

By  carefully  excluding  the  benzine  series  at  the  first  end  of  the  run, 
and  the  crystallized  paraffine  at  the  other  end,  a  distillate  may  be  ob- 
tained which  will,  when  properly  treated,  give  a  burning  oil  of  48^  B., 
having  an  agreeable  odor,  white  as  pure  spring-water,  and  which,  at  any 
temperature  below  150^  Fahr.,  will  quench  a  burning  taper.  This  is 
the  "  ne  plus  ultra"  of  the  refiner,  so  far  as  a  lamp-oil  for  family  use  is 
concerned,  for  it  is  not  probable  that  a  safer,  better,  cheaper  or  more 
agreeable  home-light  will  ever  be  made  from  petroleum. 

The  refiners  of  Marietta  and  Parkersburg  have  never  manufactured 
any  productis  from  that  part  of  the  "  run"  which  lies  between  the  burn- 
ing-oil and  residuum.  The  practice  has  usually  been  to  cut  the  water- 
white  distillate  from  the  center  of  the  run  for  150^  test,  then  to  combine 
the  two  ends  for  110**  test;  any  distillate  too  heavy  to  go  into  the  110** 
oil  is  run  back  into  the  crude  tank,  and  comes  back  into  the  still  to  be 
run  over  again.  What  remains  in  the  still  is  drawn  out  and  sold  as 
residuum  at  about  crude-oil  price.  Another  plan  is  to  stop  the  distilla- 
tion when  the  oil  in  the  still  weighs  from  27^  to  30**  B.,  allow  it  to  cool 
and  draw  out  and  sell  as  reduced  lubricating  oil. 

The  neutral  and  paraffine  oils  have  been  neglected.  Mr.  George 
Rice,  has,  however,  lately  added  to  his  plant  in  Marietta  a  filtering- 
house,  and  expects  in  future  to  give  some  attention  to  that  class  of 
products. 
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After  the  "  ran"  is  completed  the  residuum  is  drawn  put,  the  still 
cooled  down  and  the  manhead  is  taken  ofi;  as  soon  as  the  temperature 
is  endurable  the  men  go  into  the  still,  scrape  the  coke  from  the  bottom 
and  clean  it  as  thoroughly  as  possible ;  it  is  then  refilled  and  started  on 
another  run.  The  average  time  made  is  about  two  runs  each  week ; 
therefore,  to  find  the  weekly  capacity  of  a  refinery,  its  total  still  capacity 
is  multiplied  by  two.  This  would  make  the  present  total  capacity  of 
the  refineries  at  Marietta  about  4,000  barrels  crude  per  week. 

The  remainder  of  the  work  about  a  refinery  consists  in  trimming, 
glueing  and  painting  the  barrels,  filling  and  shipping  the  product.  The 
crude  oil,  distillates  and  refined  oils,  are  moved  from  one  point  to 
another,  by  the  steam- pump,  and,  from  large  works,  much  of  the  oil  is 
shipped  in  bulk  by  tank  cars.  Oil  for  the  southern  markets  is  filled 
into  tin  cans  of  five  gallons  each,  two  of  which  are  p&cked  in  a  wooden 
case ;  this  is  known  to  the  trade  as  ''  case  oil." 

Marietta  is  favorably  situated  as  a  refining  point  for  southern  and 
western  trade,  and  would  probably  refine  a  much  larger  portion  of  the 
crude  oil  produced  in  her  immediate  vicinity  were  it  not  for  the  power- 
ful influenpe  ol  the  ^*  Standard  Oil  Company,"  which  carries  the  oil  from 
her  very  doors  to  Parkersburg  and  Cleveland. 
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THE  DRILLING  AND  CAEE  OF  OIL  WELLS. 


By  Fbbd.  H.  Nswkll,  E.  M. 


An  oil-well,  as  the  term  is  used  in  the  eastern  United  States  and  Can- 
ada, is  a  small  circular  bole  of  comparatively  great  depth,  drilled  through 
the  surface  soils  and  into  the  underlying  rock,  for  the  purpose  of  obtain- 
ing crude  petroleum.  The  diameter  of  the  hole,  when  finished,  averages 
less  than  six  inches,  and  the  depth  ranges  from  a  few  hundred  feet  to 
three  thousand.  As  a  rule,  there  comes  from  an  oil-well,  besides  the 
petroleum,  inflammable  gas  and  water,  more  or  less  saturated  with  salt. 
The  earliest  of  these  small  deep  wells  were  drilled  for  brine  for  salt 
manufacture,  then  later  similar  wells  were  drilled  for  oil,  and  now  many 
are  drilled  for  the  gas,  as  in  turn  it  has  been  utilized. 

A  description  of  the  ordinary  methods  of  drilling  oil  wells,  which 
by  far  outnumber  salt  and  gas-wells,  is  equally  applicable  to  all  three 
classes,  and  it  may  be  said  that  the  chief  difference  between  salt,  oil 
and  gas  wells  pertains  to  the  relative  values  of  these  products,  so  often 
occurring  together. 

This  inflammable  gas  is  often  greatly  con: pressed,  and  when  the 
well  penetrates  to  the  rock  in  which  it  is  stored,  the  gas  rushes  out  with 
such  violence  as  to  throw  out  at  intervals  not  only  oil,  if  present,  but 
even  the  heavy  salt-water.  From  these  points  of  resemblance  to  arte- 
sian wells,  that  is,  the  small  diameter  and  great  depth  of  hole,  and  the 
pouring  out  of  fluid,  these  wells  have  been  incorrectly  described  as  ar- 
tesian wells,  but  in  the  one  case  the  flow  of  water  is  continuous  and 
quiet,  due  to  steady  hydrostatic  pressure,  and  in  the  other  the  flow  is 
intermittent  and  violent,  due  to  an  expansion  of  gas  originally  under  a 
pressure,  sometimes  greater  than  the  hydrostatic  pressure  of  that  depth. 
Flowing  wells,  especially  when  little  or  no  oil  is  present,  have  been 
termed  ^*  geysers,"  but  differ  from  the  true  geyser  in  that  the  salt-water 
is  thrown  out,  not  by  expansion  of  a  part  of  the  water  into  steam  by 
heat,  but  by  pressure  of  a  compressed  gas  existing  in  the  earth  at  nor- 
mal temperatures. 
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Until  within  the  last  quarter  of  a  century,  the  drilling  of  deep  holes 
has  been  in  all  countries,  excepting,  perhaps,  in  China,  an  experiment, 
when  money  and  time  were  lavishly  expended  on  each  well  in  devising 
tools  and  acquiring  skill  in  handling  them.  Since  the  time  of  the  first 
drilling  for  oil  in  1859,  these  operations  have  grown  to  a  great  industry, 
with  men  skilled  in  each  of  it3  numerous  subdivisions,  and  large  estab- 
lishments especially  devoted  to  the  manufacture  of  its  peculiar  tools. 
The  single  fact  that  nearly  one  hundred  million  dollars  has  been  expen- 
ded  since  1860  in  making  these  **  holes  in  the  ground,"  will  testify  to 
the  importance  of  this  branch  of  mining.  The  head-quarters  of  this 
business,  from  which  are  sent  out  machinery  and  trained  men  to  all 
parts  of  the  world  to  drill  for  oil  and  gas,  for  water,  both  salt  and  fresh, 
and  for  other  minerals,  are  the  oil  regions  of  western  Penusylvania, 
which  may  be  considered  as  overlapping  into  New  York  and  Ohio. 

Although  the  tools  and  ways  of  using  them  are  by  no  means  perfect, 
and  each  year  sees  some  improvement,  yet  there  are  certain  definite 
methods  and  shapes  of  tools  which  are  in  general  use  throughout  the 
entire  oil-regions,  and  which  are  accepted  as  the  present  standard  of 
excellence.  These  have  resulted  from  the  trial  and  frequent  failure  of 
the  innumerable  inventions  of  ingenious  oil-men.  The  requirements 
to  which  all  these  inventions  have  had  to  conform,  besides  that  of  fitness 
for  their  purposes,  are  that  they  shall  possess  strength  and  simplicity 
of  parts,  since  the  operations  are  carried  on  often  in  the  least  settled 
parts  of  the  country,  and  the  tools  are  subject  to  all  the  rough  usage  of 
frontier  work.  A  description  of  the  drilling  of  wells  in  the  newly  de- 
veloped oil-fields  of  eastern  Ohio,  can  then  be  but  a  review  of  the 
latest,  and,  therefore,  best  practice  in  deep-drilling  throughout  the  oil- 
regions.  The  most' complete  ac:ount  of  this,  together  with  a  description 
of  machinery  and  tools  is  given  in  the  excellent  report  of  John  F.  Carll, 
of  the  Pennsylvania  Second  Geological  Survey,  published  in  1880  (see 
Vol.  Ill,  page  285,  etc).  His  descriptions  have  been  largely  used  in  the 
exhaustive  report  on  petroleum,  by  S.  P.  Peckham,  from  the  U.  S.  Census 
Office.  (Report  on  the  Production,  Technology  and  Uses  of  Petroleum 
and  its  Products,  by  S.  P.  Peckham,  Washington,  1885.) 

Either  of  these  works,  supplemented  by  the  finely  illustrated  cata- 
logue of  the  Oil  Well  Supply  Company  (Bradford  and  Oil  City,  Pa.), 
issued  in  1884,  must  give  to  any  intelligent  reader  a,  clear  conception  of 
the  ordinary  processes.  Th«re  have  been  few  changes  in  the  tools  and 
ways  of  using  them  since  Mr.  Carll's  report,  and  these  have  been  mostly 
toward  increase  of  strength  and  weight,  and  saving  of  labor. 
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The  Process  of  Drilling. 


The  general  principle  of  drilling  is  this:    A  long  heavy  bar,  with 
its  lower  end  dressed  to  a  cutting-edge,  is  dropped  into  a  hole  in  the 
rock,  and  by  its  weight  cuts  or  breaks  the  stone  where  it  strikes.    At 
each  blow  it  is  turned  a  little,  making  a  round  hole  whose  diameter  is 
just  the  width  of  the  cutting  edge.    It  differs  from  hand-drilling  in  a 
quarry,  in  that  the  drilling-bar  is  not  struck  by  any  kind  of  hammer. 
The  drill  is  hung  from  the  end  of  a  rope  by  which  it  is  lifted  for  each 
stroke.    The  process  is  then  one  of  drilling  simply,  and  not  of  boring, 
as  it  is  sometimes  called.    After  the  drill  has  been  working  for  a  while, 
the  chips  of  rock  or  drillings  bcKin  to  fill  the  hole  and  break  the  blow 
upon  the  solid  rock.    To  remove  these  the  drill  is  taken  out,  water  is 
poured  in  if  the  hole  is  dry,  and  the  fluid  mud  thus  formed  is  lifted  out 
by  a  long  narrow  bailer  with  valve  at  lower  end.    These  operations  are 
alternated,  first,  drilling  ahead  about  five  feet,  then  cleaning  out  the 
fine  mud,  drilling  again,  and  so  on,  day  and  night,  till  the  desired  depth 
has  been  reached.    The  drill  is  not  actually  one  solid  bar^  but  is  made 
in  several  pieces,  together  called  a  "  set  of  tools."    The  lower  enJ,  or 
bit,  when  dull,  can  be  taken  off  and  another  put  on  while  the  first  is 
being  dressed.    Experience  has  shown  that  five  and  one-half  inches  is 
the  most  suitable  diameter  for  oil-wells.    In  general,  the  smaller  the 
hole  the  less  the  expense,  because  the  machinery  and  tools  can  be  lighter 
and  more  quickly  handled,  but  for  much  less  than  five-and-a-hal:-inch 
the  tools  cannot  be  made  large  enough  to  give  the  necessary  strength 
and  weight  for  deep-drilling.    For  a  larger  hole  than  this  the  progress 
is  slower,  unless  there  is  considerable  outlay  in  making  all  the  parts 
heavier  and  stronger.    The  large  gas -wells  about  Pittsburgh  are  drilled 
six  inches  in  diameter. 

Requisites  for  Drilling. 

To  drill  a  well,  either  for  oil,  gas  or  water,  the  principal  necessities 
are  a  carpenter's  rig,  boiler  and  engine,  set  of  drilling-tools,  including 
rope,  and  usually  casing  to  shut  off  surface-water.  It  is  customar}-  for 
the  owner  to  provide  the  rig,  boiler,  engine,  casing,  tubing  and  water- 
supply,  and  to  let  the  drilling  of  the  well  at  so  much  a  foot  to  a  contrac- 
tor,  wha  furnishes  his  own  tools  and  fu^I,  and  does  all  the  work  of  putting 
down  the  well,  leaving  it  in  shape  to  flow  or  be  pumped.  The  contract 
price  depends  largely  upon  the  difficulties  peculiar  to  each  district. 

In  Ohio,  in  1885  and  1886,  the  rate  in  the  Macksburg  field  was  75  to 
80  cents  per  foot,  while  in  Bradford,  Pa.,  it  was  45  to  50  cents,  and  for 
the  deep  gas-wells  of  Washington  county,  Pa.,  from  $1.60  to  $2.00. 
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The  Rig. 

The  term  rig  includes  all  the  woodwork-and  its  necessary  iron  fit- 
tings, put  together  so  that  when  boiler  and  engine  are  in  place,  drilling 
can  begin  at  once.  The  rig  consists  of  derrick  ^o  carry  a  sheave  called 
the  crown  pulley,  at  sufficient  height  to  swing  the  drilling-tools  free 
from  the  ground,  bull-wheels  and  shaft  on  which  the  drilling-cable  is 
wound  sand-reel  at  one  side  for  winding  up  the  smaller  rope  used  in 
cleaning  out  the  drillings,  walking-beam  to  give  vertical  motion  to  the 
toolB,  band-wheel  for  transmitting  power  from  engine  to  these  moving 
parts,  and  foundation  timbers  and  posts  which  support  them  all.  Ba- 
sides  these,  are  foundations  and  house  for  engine  and  protection  for 
rubber  belt  connecting  engine  to  band-wheel. 

The  most  conspicuous  object  in  the  country  is  the  derrick,  towering 
above  the  houses  in  the  towns,  standing  in  the  open  fields,  rising  among 
the  tree-tops  in  the  woods,  or  crowning  the  summits  of  the  hills.  On 
page-plate  I,  is  shown  a  side  elevation  of  the  derrick,  with  belt  and 
engine-houses.  This  represents  the  style  in  use  in  the  Macksburg  field. 
It  is  what  is  commonly  known  as  a  winter-rig,  the  lower  part  of  the 
derrick  being  boarded  in  and  a  roof  built  to  protect  the  men  from  the 
sun  and  rain  and  from  the  shower  of  salt-water  from  the  ropes,  when 
they  are  drawn  out  of  the  wet  holes.  Page-plate  II  gives  the  rig 
again  with  the  roof,  engine  and  belt-houses  taken  ofif,  showing  all  the 
machinery  in  place  and  the  tools  just  entering  the  hole.  In  this  plate 
the  engine  is  put  closer  to  the  band-wheel  than  in  the  previous  one,  in 
order  to  show  the  boiler  on  the  extreme  left. 

All  parts  of  the  rig  rest  upon  timbers  which  are  sawed  out,  or,  in 
the  wools,  merely  flattened  on  two  sides,  no  masonry  being  used  about 
the  well.  These  are  particularly  shown  in  the  drawings ;  for  full  details 
of  size  and  shapes,  reference  must  be  made  to  the  Census  Report,  or  to 
the  catalogue  of  the  Oil-Weil  Supply  Co.  The  lowest  set  of  timbers, 
those  lying  transverse  to  the  length  of  the  rig,  lettered  K  in  plate  II, 
are  called  the  mud-sills,  being  partly  bedded  in  the  soil.  The  main  sill 
0,  and  the  sub  sills  (not  shown,  being  on  the  further  side  of  the  main 
sill  and  nearly  parallel  to  it),  lie  across  these,  and  are  firmly  fastened 
to  them  by  gains  and  keys.  The  main  and  sub  sills  support  the  princi- 
pal part  of  the  machinery  of  the  rig. 

The  derrick  stands  on  six  posts,  lettered  J,  one  at  each  corner  and 
one  m  the  center  of  the  sides.  On  them  rest  two  sills  and  across  the 
sills  are  six  floor- sills,  H.  The  two  center  ones  are  placed  quite  close 
together,  leaving  only  room  for  the  casing  or  conductor-box  of  the  well. 
They  are  higher  than  the  ones  on  either  side,  so  that  the  floor  planks 
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will  slope  away  from  the  hole  and  can  then  be  kept  cleaner  and  drier. 
The  derrick  is  twenty  feet  square  at  base ;  the  other  sides  are  similar  to 
the  one  shown  in  elevation.  It  is  built  of  two-inch  plank  spiked  to- 
gether ;  the  cross-braces  D  are  inch-boards.  The  corner  pieces  E  are  six- 
teen feet  long,  excepting  the  lowest  one.  They  are  nailed  together  at 
the  edges,  breaking  joints  at  each  girth  B,  thus  making  the  girths  eight 
feet  from  center  to  center ;  the  lowest  girth  is  nine  feet  from  the  floor. 
On  the  further  side  of  the  derrick,  as  shown  in  the  plates,  a  ladder  is 
usually  built;  when  there  is  none,  the  men  must  climb  by  the  girths 
and  braces,  if  necessary,  to  go  to  the  top.  The  drawings  show  a  nine- 
girth  derrick,  which  has  been  the  customary  height,  but  in  Macksburg, 
where  tools  of  extra  length  are  used,  ten  or  elrven-girth  derricks  are 
not  uncommon.  On  the  extreme  top,  supported  by  a  strong  frame-work, 
is  the  crown-pulley  x,  resting  in  its  block,  F,  At  the  right  hand  side  of 
the  lowest  part  of  the  derrick  are  the  bull-wheels  J/,  with  the  rope  wound 
on  the  shaft ;  another  view,  showing  the  wheels  in  perspective,  is  given 
in  the  background  of  plate  V.  This  is  the  windlass  on  which  the  drill- 
ing-cable is  wound.  On  each  end  of  the  twelve-inch  hard  wood  shaft 
is  a  whe J,  seven-and-ahalf  feet  diameter.  The  wheel  on  the  left  of 
plate  V,  has  a  groove  to  receive  the  tug-pulley.  This  is  a  plain  laid 
rope/,  on  plate  II,  connecting  the  bull-wheel  with  the  tug-pulley.  It  is 
always  crossed  as  shown  in  the  drawing,  to  give  it  a  better  hold  on  the 
wheels.  The  wheel  on  the  right  hand  end  of  the  shaft  is  encircled  by  a 
brake-band,  shown  with  its  lever.  A,  on  plate  II,  and  alsj  in  larger  scale 
on  plate  V.  On  the  left  of  the  derrick  is  the  walking  beam,  U.  This 
is  twenty-six  feet  long,  twelve  inches  wide,  and  twenty-five  inches  deep 
at  center,  and  is  cut  away  on  the  lower  side,  so  that  it  is  twelve  inches 
square  at  the  ends.  It  is  supported  at  the  middle,  oscillating  up  and 
down  on  the  center  irons,  fc. 

These  are  bolted  to  the' top  of  the  samson-post  P,  which  stands  oh 
the  main  sill  0,  and  is  propped  on  each  of  its  four  sides  by  the  braces  p. 
Under  the  end  of  the  walking-beam  is  the  band-wheel  5,  keyed  to  the 
shaft  8,  which  rests  in  grooves  cut  in  the  top  of  the  jack-posts,  of  which 
the  front  one  only,  Q,  is  shown.  This  wheel  is  connected  at  all  times 
to  the  pulley  of  the  engine  by  an  eight-inch  rubber  belt.  It  is  nine 
feet  in  diameter,  and  has  on  the  side  not  shown  a  groove  wheel  called 
the  tug-pulley. 

The  band- wheel  can  transmit  motion  in  any  one  of  three  ways.  Ist. 
When  the  pitman  of  the  walking-beam  is  put  on  the  crank  of  the  band- 
wheel  shaft,  as  shown  in  plate  I,  the  beam  is  made  to  move  up  and 
down.  2d.  When  the  pitman  is  oil,  the  beam  tipped  as  in  plate  II,  and 
the  bull  rope  /put  on,  connecting  the  tug  pulley  and  the  bull-wheels  aa 
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there  shown,  the  bull-wheel  shaft  is  made  to  revolve,  winding  or  letting 
out  the  cable.  3d.  When  the  bull-rope  is  thrown  off,  and  the  friction* 
pulley  of  the  sand-reel  T  is  drawn  against  the  band-wheel  by  levers  N 
and  r,  the  sand  pump  line  b,  is  wound  on  its  shaft. 

All  the  upright  posts  and  braces  which  support  the  moving  parts, 
and  also  the  sills,  are  gained  and  keyed  together,  no  mortices  and  pins 
being  used.  This  gives  great  solidity,  and  any  part  can  be  tightened  or 
lined-up  by  driving  in  the  keys,  or  quickly  taken  out.  Plates  I  and  II 
represent  the  jack-post  Q  in  plate  II,  as  standing  on  the  main  sill.  A 
later  plan  is  to  use  a  longer  post  and  gain  it  into  the  further  side  of  the 
main  sill,  and  also  into  the  side  of  the  mud-sill  K  By  so  doing,  the 
main  sill  is  not  thrown  so  far  out  of  square  with  the  rest  of  the  timbers 
as  when  the  samson-post  and  jack  post  are  both  put  on  top. 

Cost  of  Rio. 

A  rig  requires  about  ten  thousand  feet  of  sawed  lumber.  Hemlock 
is  generally  used,  bnt  in  Macksburg  this  wood  cannot  be  had,  and  poplar 
and  oak,  couting  $15  per  thousand  are  commonly  employed.  The  hewed 
timbers  cost  $25  to  130.  The  band-wheel  and  bull-wheels  are  preferably 
bought  ready-made,  but  in  Ohio  it  is  usually  found  cheaper  to  make  them 
on  the  spot  to  save  cost  of  transportation.  A  complete  set  of  rig-irons, 
that  is,  the  shaft  and  fittings  for  band-wheel,  all  the  pulleys,  gudgeons, 
bolts,  etc.,  used  about  the  rig,  costs  $65.  The  aggregate  time  required 
to  put  up  a  rig  is  from  twenty  five  to  thirty  days ;  that  is,  three  men 
working  eight  to  ten  days  each ;  usually,  three  men  are  employed,  the 
boss  rig-builder,  who  generally  takes  the  work  by  contract,  and  two  help- 
ers. Wages  are,  for  the  boss  when  working  by  the  day,  $3  to  $3.60;  for 
the  common  carpenters,  $2  25  to  $2.75. 

These  items  may  be  put  as  follows  : 

Sawed  lumber,  10,000  feet,  at  $16 $160  00 

Rig  timbers - 80  00 

Rig  irons 66  00 

10  days'  labor  at  $3.60 86  00 

20  days'  labor  at  $2.60 50  00 

Teaming,  grading,  nails,  etc 46  00 

Total $376  00 

The  total  cost  ranges  from  $350  to  $400.  To  save  expense,  when  the 
wells  flow  quite  steadily,  many  of  the  producers  in  the  Macksburg  field^ 
when  one  well  is  drilled  and  tubed,  take  down  the  rig  and  use  it  for  the 
next  well.    The  cost  of  taking  down  and  putting  up  the  rig  again  is 
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about  S75,  to  which  must  be  added  $25  for  new  lumber  to  replace  that 
broken  in  cutting  down.  This  is  a  considerable  saving  of  outlay  for 
rig-irons  and  timber  to  a  person  operating  with  small  capital,  but  if  the 
wells  stop  flowing  and  need  cleaning  out,  the  lig  must  be,  in  part  at 
least,  put  back. 

Boilers  and  ExoineBi. 

The  boilers  and  engines  for  drilling  and  pumping  wells  are  made 
especially  for  that  purpose,  and  though  manufactured  by  various  firms 
.  holding  patents  on  specialties,  yet  are  similar  in  general  design.  Those 
used  in  Ohio  are,  almo^  without  exception,  made  by  Pennsylvania 
companies  at  Oil  City,  Warren  or  Titusville.  The  cuts  on  plate  III  rep- 
resent a  kind  as  widely  used  as  any.  The  life  of  the  boilers  and  engines 
depends  of  course  largely  upon  the  care  shown  in  their  usage;  they 
should  put  down  eight  to  twelve  wells,  and  then  be  suitable  for  pump- 
ing or  doing  such  light  work. 

The  boilers  are  tubular,  built  in  style  of  locomotive  boiler.  They 
are  set  up  at  a  safe  distance,  on  any  convenient  spot,  away  from  the 
engine,  say  thirty  feet,  in  a  direction  opposite  to  that  of  the  derrick,  to 
avoid  danger  of  igniting  the  gas  from  the  well.  They  are  usually  twen- 
ty-horse power,  have  thirty  six  to  forty  tubes  about  three-inch  diameter, 
cost  1450.  A  few  fi'teen-horse  power  boilers  are  in  use,  but  they  require 
careful  attention  in  order  to  lurnish  enough  steam.  The  fire-box,  in 
addition  to  usual  firing-door,  is  provided  with  hole  through  the  front  to 
admit  gas-pipe.  The  fuel  preferably  usfd  is  gas.  In  the  Macksburg 
field,  gas  is  used  wherever  it  can  be  obtained  without  great  expense  for 
piping.  It  is  commonly  burned  as  it  flows  from  a  perforated  pipe,  little 
efibrt  being  made  toward  economy  by  use  of  atmospheric  burners  or 
similar  contrivances,  since  the  price  is  so  much  per  day  regardless  of 
the  amount  used.  Gas  costs  for  a  drilling  well  about  $3  a  day,  or  by 
contract  $100,  for  enough  to  put  down  the  well.  Most  boilers,  however, 
are  fired  by  the  Macksburg  coal,  which  crops  out  on  the  hillside  and  is 
mined  from  numerous  openings.  The  cost  is  six  to  seven  cents  per 
bushel,  delivered ;  total  cost  of  coal  for  drilling,  say  thirty-five  days,  is 
•90  to  $180.  The  steam-pressure  is  90  to  100  pounds  per  square  inch, 
often  carried  to  120  pounds.  For  pumping  the  old  shallow  wells  scat- 
tered along  Duck  Creek,  there  are  still  in  use  a  number  of  the  old-fash- 
ioned cylindrical  two- flue  boilers,  set  in  masonry,  but  these  are  not  used 
in  the  new  development. 

Economy  of  ste  m  being  of  secondary  consideration,  the  engines 
are  built  with  more  regard  to  strength,  simplicity,  quickness  in  starting 
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and  reversing,  easy  replacement  of  partp,  and  compactness,  so  that  they 
may  be  safely  moved  from  place  to  place.  They  are  ordinarily  fifteen- 
horse  power,  though  many'twelve-horse  power  are  to  be  found  in  use. 
The  cylinder  is  usually  eight  or  nine-inch  diameter,  stroke  twelve  to 
thirteen  inches.  The  engine  is  bolted  to  a  heavy  stick  of  timber,  m,  on 
plate  II,  which,  in  turn,  is  keyed  into  short  timbers,  gained  into  mud- 
sills. The  cut  of  the  engine  on  plate  III,  shows  the  engine-block  painted 
fancifully  to  represent  brickwork ;  no  bricks  are  used,  however,  about 
the  rig.  The  engine  is  placed  about  thirty-five  feet  from  the  band-wheel 
to  which  it  is  belted.    A  stout  brace,  /,  holds  the  engine-block  from  being 
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pulled  forward  by  the  belt,  ^team  is  carried  from  boiler  to  engine  by  a 
a  two-inch  pipe,  not  often  protected  by  any  covering.  The  engine  can 
be  controlled  from  the  derrick  by  means  of  cords.  The  throttle-valve  is 
provided  with  an  upright  grooved  wheel,  around  which  passes  a  small 
endless  rope  called  the  telegraph  cord.  This  is  continued  out  into  the 
derrick,  where  it  is  wound  once  around  a  similar  wheel,  which  is  so 
mounted  on  a  bearing  that  the  rope  can  always  be  kept  taut.  By  turn- 
ing this  wheel  in  the  derrick,  the  throttle-wheel  connected  with  it,  is 
turned  in  the  same  direction.  Plate  II  shows  the  whole  arrangement, 
the  cord  being  represented  by  the  two  parallel  lines  lettered  6^,  the 
wheel  in  the  derrick,  6'. 

Another  cord  is  fastened  to  the  top  of  the  reversing  link  of  the 
engine.  This  runs  up  overa  pulley  and  out  into  the  derrick,  its  knot- 
ted end  hanging  beside  the  telegraph  pulley.  By  these  two  cords  the 
driller,  without  leaving  his  post,  can  stop,  start,  reverse  or  change  the 
, speed  of  his  engine.  The  reverse  link  is  shown  in  plate  III,  on  the  side 
of  the  engine-bed.  The  cord  is  fastened  into  a  little  eye  (not  clearly 
seen)  on  its  top.  The  link  is  not  only  necessary  in  reversing  to  run 
backwards  continuously,  but  is  also  of  great  service  in  starting  the 
engine  when  it  has  a  heavy  load  to  move.  For  instance,  when  starting 
to  pull  the  toolR  out  of  a  deep  hole,  the  engine  often  gets  stuck  on  the 
dead  center.  Then  the  driller,  standing  with  one  hand  on  the  tele- 
graph cord  and  holding  the  reverse  cord  in  the  other,  skillfully  alternates 
the  motion,  until  the  fly-wheel  acquires  impetus  to  swing  the  crank 
over  the  center. 

Water  Supply. 

After  the  well-owner  has  provided  for  rig,  boiler  and  engine,  the 
next  thing  is  the  supply  of  water.  If  he  is  so  fortunate  as  to  have  an 
inexhaustible  spring  or  brook  of  soft  water  near  by,  his  only  expense 
will  be  for  inch-pipe.  In  Ohio,  however,  good  water  is  not  to  be  had  so 
easily,  a.id  especially  in  summer,  and  for  wells  on  the  hills  it  is  forced 
long  distances.  In  this  case,  a  tank  must  be  set  up  near  the  rig  to  bold 
the  water  when  it  comes.  It  is  customary  to  set  the  ordinary  250  barrel 
tank,  which  can  be  used  to  hold  oil  when  the  well  is  done.  Plate  II 
shows  this  tank,  7,  out  beyond  the  engine.  While  drilling  in  a  dry  hole 
the  tank  must,  generally,  be  filled  twioe  a  week.  The  water  is  used  for 
steam,  to  wash  the  derrick  floor,  and  also  is  thrown  into  the  hole  to  make 
a  fluid  mud  of  the  drill!  •  gs,  so  that  they  can  be  bailed  out.  When, 
however,  the  hole  is  kept  full  of  water  from  some  wet  strata,  no  water 
is  thrown  in,  and  a  tank  full  will  last  a  week.  When  water  is  forced 
up  to  a  number  of  drilling-wells,  the  cost  is  from  $75  to  $100  each.    From 
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the  tank,  or  other  source,  the  water  is  forced  into  the  boiler  through  an 
inch-pipe  by  a  plunger-pump  on  the  engine.  When  the  steam  and 
water  connections  have  been  made  between  boiler  and  engine,  all  is 
ready  for  the  contractor  to  hang  his  tools. 

Drilling  Tools. 

A  full  eet  of  drilling  tools  consists  of — 

Cost. 

1  temper-screw $50  00 

1  rope-socket,  weighing  75  pounds 16  00 

1  sinkerbar,  16  feet  long,  weighing  600  pounds 48  00 

1  set  jars,  weighing  800  pounds »  105  00 

1  auger-Btem,  Hf-in.  diam.,  40  feet  long,  weighing  1,300  pounds 85  00 

2  bits  for  5}-in.  hole,  weighing  150  pounds  each 70  00 

%  bits  for  8-in.  hole 90  00 

2  tool-gauges 2  OO 

2  tool  wrenches 24  00 

1  wrench-circle 5  50       * 

1  wrenchrbar 4  50 

Totel $5CO00 

Besides  these,  a  contractor  needs— 

1  cable,  U-in.,  say  1,600  feet  long,  weighing  2,000  pounds,  @  14c $280  00 

1  sand-line,  i*in.,  say  1,600  feet  long,  weighing  450  pounds,  @  14c  ...      61  00 

Set  blacksmith's  tools,  anvil,  bellows,  forge,  sledges,  etc 40  00 

Bailer,  30  feet  long,  @  85c.  per  foot 26  00 

Sand-pump 26  00 

Incidentals 19  00 

Total $950  00 

The  above  are  list  prices  on  which  there  is  a  discount  for  cash,  so 
that  a  good  outfit  is  estimated  to  be  worth  at  Macksburg,  $850. 

In  addition  to  these  necessary  tools,  the  contractor,  especially  if  at 
a  distance  from  a  large  machine  shop,  finds  it  economy  to  own  a  few  of 
the  commoner  **  fishing"  tools,  such  as  extra  rope-socket,  sinker-bar, 
jars,  horn-socket,  slip-socket,  rope-spears  and  grabs,  costing,  say,  $350. 

On  the  left-hand  side  of  plate  IV  are  shown  cuts  of  the  principal 
pieces  which  make  the  string  of  tools.  The  bit,  figures  6  and  7,  is  the 
lowest.  This  has  the  edge  which  does  the  cutting,  and  is  dressed  out  as 
it  wears  away.  The  shape  of  the  bit  is  not  like  a  cold-chisel,  tapering 
toward  its  point,  but  below  the  neck  it  is  made  of  the  same  size  down 
to  where  it  is  dressed.  Here  it  is  spread  to  full  five  and  one- half  inches, 
and  is  hammered  so  that  each  corner  forms  the  arc  of  a  circle  of  that 
diameter.  That  it  shall  be  exactly  the  same  size  each  time,  and  dressed 
to  a  true  circle,  a  tool  gauge,  figure  9,  is  used.    The  point  is  hammered 


MODE  OP  DBILLING   OIL-WELLS.  487 

until  the  gauge  just  fits  over  it;  for  a  five  and  one-half  inch  bit  this  is 
made  five  and  five-eighths-inch  diameter  to  allow  for  the  expansion  of 
the  hot  iron. 

The  bit  is  screwed  into  the  lower  end  of  the  auger  stem,  figure  4. 
This  is  to  give  weight,  that  the  bit  shall  strike  a  powerful  blow.  It  is 
generally  thirty- two  feet  long,  but  in  Macksburg  heavier,  and  therefore 
longer  ones  are  used.  A  stem  there  is  made  long  to  ofiTt^et  the  loss  of  weight 
of  the  tools  in  the  salt- water,  at  the  same  time  keeping  it  as  small  diame- 
ter as  possible  that  it  may  fall  rapidly,  the  principle  being  that,  if  the. 
weight  were  increased  by  using  larger  diameter,  the  space  between  the 
stem  and  sides  of  hole  would  be  diminished,  and  the  water  displaced 
by  the  movement  of  tools  could  not  flow  around  them  quickly.  Stems, 
thirty-eight  and  forty  feet,  are  common,  and  some  are  even  fifty-two 
feet  long,  the  latter  being  made  in  two  pieces.  Note. — (After  the  stems 
have  been  in  use  for  a  time  they  become  powerful  magnets,  and  will 
attract  and  support  small  pieces  of  iron ;  one-half  dozen  twenty-penny 
spikes  may  be  hung,  one  below  the  other,  from  the  steel  boxes.) 

Above  the  stem  are  the  jars,  figure  5«  They  are  formed  of  two 
pieces  of  steel,  slotted  and  interlocking  in  such  a  way  as  to  a  low  a 
longitudinal  movement  or  play  of  about  nine  inches.  They  thus  divide 
the  string  of  tools  into  two  parts — the  lower,  or  cutting  portion,  consist- 
ing of  bit,  auger-stem  and  lower  half  of  jars;  the  upper,  or  jarring  por- 
tion, made  up  of  top  half  of  jars,  sinker-bar  and  rope-socket.  When 
the  tools  are  hung  up,  the  jars  are  open,  as  shown  in  the  cut,  and  when 
they  reach  bottom,  the  jars  close  together,  shortening  the  tools  by  the 
nine-inch  play.  As  the  name  implies,  their  use  is  for  jarring,  that  is, 
to  give  a  sharp  upward  blow  to  the  cutting  portion  of  the  tools  when- 
ever the  bit  becomes  stuck  fast.  The  bit,  {while  injj  use,  gradually  be- 
comes worn  on  the  sides,  that  is,  looses  its  gauge.  When  it  has  drilled 
a  "screw"  about  five  feet,  it  is  pulled  out,  and  a  new  bit  dressed  out  to 
full  gauge,  5^-inch  (in  small  hole)  is  put  on.  When  this  new  bit  is 
lowered  into  the  hole,  cut  by  the  worn  bit,  it  often  stickls  at  first,  and 
were  it  not  for  the  jars  to  give  it  a  quick  lifting  blow,  it  could  not  be 
pulled  loose  without  danger  of  breaking  the  cable.  The  theory  of  the 
use  of  the  jars  in  drilling  has  been  slightly  modified  since  the  descrip- 
tion given  by  Mr.  Carll,  on  page  2-  9  of  III  Pennsylvania,  Second  Geo- 
logical Survey,  and  copied  on  page  81  of  Peckham's  Report. 

The  tools  are  lowered  into  the  hole  until  they  touch  bottom,  then 
are  lifted  a  few  inches  or  a  foot  or  more,  depending  upon  the  length  of 
rope  in  the  hole,  then  the  rope  being  attached  to  the  walking-beam  by 
means  of  the  clamps  below  the  temper-screw,  and  put  in  motion,  the 
tools  are  raised  and  lowered.    The  impetus  of  the  tools  is  so  great  and 
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the  rope  so  elastic  that,  although  when  at  rest  the  bit  hangs  away  from 
bottom,  yet,  when  in  motion,  it  strikes  the  rock  with  great  force,  and 
quickly  rebounding  stirs  up  the  sand  formed  by  cutting.  The  jars 
should  not  open  and  leave  the  lower  part  of  the  tools  resting  for  an 
instant  on  bottom,  as  was  the  old  method,  but  are  kept  drawn  out  all 
the  time.  This  is  called  drilling  by  the  spring  of  the  rope  or  "bouncing 
the  drill."  It  is  in  almost  universal  use,  being  quicker  then  the  old 
method.  It  has  the  disadvantage  that  the  rope,  jars  and  machinery  are 
subject  greater  to  strains  and  are  worn  out  more  quickly  than  by  the 
other  way. 

A  good  driller  never  allows  the  jar  to  strike  togeth.er  on  a  down- 
ward blow  as,  not  being  made  for  such  use,  they  wear  rapidly  and  break, 
or  **  boot-jack,"  as  is  the  driller^s  term. 

Drilling  without  jars  has  been  and  is  occasionally  done  to  a  very 
limited  extent.  The  jars  are  left  out  of  the  string  of  tools,  and  the 
sinker-bar^  the  piece  next  above  is  screwed  into  the  auger-stem.  This 
gives  greater  weight,  and  consequently,  speed  to  the  drill  without  increas- 
ing the  total  weight  of  the  tools.  The  drilling  in  this  case  is  necessarily 
done  by  the  spring  of  the  rope.  It  is  attended  with  great  risk,  for,  if 
the  stone  should  fall  or  mud  run  in,  wedging  the  tools,  they  could  not 
be  jarred  loose.  Then  the  cable  must  be  cut  close  above  the  tools, 
fishing  tools  procured,  and  the  stuck  tools  fished  out,  as  described 
further  on. 

Above  the  jars  is  the  sinker  bar,  figure  3;  this  is  of  the  same  diame- 
ter as  the  auger-stem,  but  shorter  And  lighter.  Its  purpose  is  to  give 
efl&ciency  to  the  upward  blow  when  jarring. 

The  rope-socket,  figure  1,  is  the  top  piece  of  the  string  of  tools,  and 
in  this  the  end  of  the  cable  is  fastened.  In  the  kind  represented,  the 
rope  is  held  by  rivets,  but  there  are  other  patent  sockets  where  the  end 
of  the  rope  is  held  by  being  wedged  in  a  tapering-hole. 

These  tools  are  all  screwed  together,  the  upper  end  of  each  piece 
excepting,  of  course,  the  rope-socket,  having  a  pin  with  thread  cut  on 
it,  and  the  lower  end  of  each,  excepting  the  bit,  a  box  with  hole  having 
threads  of  same  size.  The  tools  shown  have  the  old-fashioned  cylindrical 
pins;  lately,  however,  the  taper  joint  shown  in  the  upper  right-hand 
corner  of  the  plate,  figure  14,  has  come  into  general  use.  Some  of  the 
advantages  of  the  taper  joint  are,  that  the  area  of  the  base  of  the  pin 
where  a  break  usually  occurred  is  made  more  than  twice  as  great,  also 
thickness  is  added  in  the  same  manner  to  the  box  in  its  weakest  place, 
and  also  the  bit  can  be  screwed  on  or  taken  off  in  two  or  three  turns. 

The  joints  are  tightened  or  "set  up"  when  the  string  of  tools  is 
partly  in  the  hole,  by  means  of  the  wrenches,  fig.  8,  plate  IV,  which  fii 
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around  the  square  neck  of  each  piece.  The  head  of  the  wrench  is  larger 
than  the  hole  in  the  derrick  floor;  as  the  string  of  tools  is  descending, 
the  wrench  is  pulled  around  the  neck  of  one  piece,  for  instance,  the 
sinker-bar,  below  the  pin,  just  as  it  is  going  through  the  floor.  The  bar 
then  hangs  suspended  from  the  wrench,  which,  in  turn,  rests  on  its 
broad  head  on  the  floor  across  the  hole.  The  other  wrench  is  then  put 
around  the  neck  of  the  rope-socket  above  the  box.  The  lower  wrench 
is  held  from  sliding  about  by  a  pin  in  the  floor,  which  presses  against 
the  little  crcok  in  the  end  of  the  handle.  By  means  of  a  crowbar 
placed  against  the  end  of  the  upper  wrench,  two  men,  using  all  their 
strength  on  this  compound  lever,  screw  up  the  joint.  Each  joint  is,  in 
turn,  ^*set  up"  in  this  way,  since  the  constant  jarring  and  twisting 
of  the  tools  when  at  work  has  a  powerful  tendency  toward  unscrewing 
them. 

Plate  II  gives  on  a  small  scale  the  string  of  tools  all  put  together 
and  hung  in  the  derrick  ready  to  be  lowered  into  the  hole  by  the  cable, 
which  runs  up  over  the  crown-pulley  and  down  around  the  bull- wheel 
shaft.  The  cable  is  a  hawser  laid  rope,  l|-in.  diameter.  Its  length 
when  new  depends  upon  the  depth  of  the  hole  to  be  drilled;  a  new 
1,600  foot  cable  will  drill  a  1,600-foot  hole,  the  rope  stretching  more  than 
enough  to  reach  from  bottom  of  hole  to  top,  and  then  up  over  derrick 
and  down  to  shaft.  The  stretch  is  generally  calculated  at  ten  per  cent. 
A  cable  will  often  drill  three  wells,  or  bay  4,500  feet,  but  in  Macksburg, 
owing  to  the  destructive  action  of  the  salt-water,  it  is  seldom  considered 
safe  to  use  a  cable  more  than  twice ;  the  unused  end  can,  however,  be 
employed  where  a  short  line  is  needed. 

T£MP£B  SCBEW. 

The  cable  is  suspended  from  the  end  of  the  walking-beam  when 
drilling,  by  means  of  the  temper-screw  shown  on  plate  IV,  fig.  2.  It  is 
a  contrivance  for  letting  out  the  cable  slowly  as  the  drill  cuts  into  the 
rocks  below.  It  is  hung  from  the  drilling-hook  of  the  beam  by  the  eye 
in  its  top.  On  the  lower  end  are  clamps  held  together  by  a  set-screw 
firmly  gripping  the  rope,  which  has  previously  been  wound  with  soft 
hemp  to  prevent  any  injury.  Above  the  rope-clamp  is  a  swivel,  so  that 
the  rope  can  be  twisted  without  turning  the  screw.  The  nut  in  which 
the  screw  travels  is  made  in  two  pieces,  each  half  fastened  to  the  lower 
end  of  one  of  the  long  bars,  called  the  ^' reins,"  on  each  side.  The  two 
parts  are  encircled  by  a  small  set-screw  fastened  to  one  of  them.  When 
this  set-screw  is  tightened  up,  the  nut  binds  in  the  temper-screw  so 
tightly  that  the  latter  will  not  turn ;  on  loosening  the  set-screw  the 
temper-screw  can  be  turned,  lowering  the  rope;  when,  finally,  the  tern- 
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per-sorew  has  run  down  as  far  as  it  can  go,  and  the  rope  has  been  taken 
out,  the  set-screw  is  turned  back  far  enough  to  let  the  nut  &y  open  and 
the  temper-screw  is  pushed  up  to  the  top  again.  This  saves  time  and 
labor  in  running  up  the  screw,  which  is  five-and-a-half  feet  long.  As  the 
screw  and  its  clamps  are  heavy  for  one  man  to  push  up,  they  are  coun- 
terbalanced :  two  cords  being  fastened  into  the  little  swivel  on  top  of  the 
screw,  then  running  up  over  pulleys  on  the  walking-beam  and  out  to 
weights  near  the  samson-post. 

The  Men  and  Wages. 

On  a  drilling-well  there  are  employed  four  men— two  drillers  and 
two  tool-dressers ;  one  driller  and  one  tool -dresser  working  from  noon  till 
midnight,  or  the  afternoon  tour  (pronounced  tower),  the  other  driller 
and  tool-dresser  from  midnight  to  noon,  or  the  morning  tour.  The  drill- 
ers must  be  men  of  long  experience,  for  on  their  skill  and  judgment 
depends  the  success  of  the  work.  Their  duty  is  to  stay  in  the  derrick 
to  attend  to  the  drilling  proper,  turning  the  cable,  and  keeping  one 
hand  on  it  or  on  some  portion  of  the  temper-screw  at  all  times  while 
the  drill  is  at  work,  or  controlling  the  machinery  by  cords  and  lever 
when  changing  the  bit  or  sand-pumping.  The  tool-dresser  is  the  helper 
to  each  driller.  He  fires  the  boiler,  attends  to  its  feed-water,  oils  the  en- 
gine and  machinery,  and,  as  the  name  implies,  dresses  the  bits  as  each 
in  turn  becomes  worn.  The  wages  of  drillers  in  most  places  in  Ohio 
are  ¥6  to  $3.50  a  day ;  of  tool-dressers,  $2.50  to  $3.  Often  the  contrac- 
tors, when  having  but  one  well,  do  the  drilling  themselves,  or  one  driller 
may  take  a  contract  and  hire  the  other  men.  The  profits  of  contracting 
depend  upon  the  success  in  putting  down  the  well  quickly  and  avoiding 
accidents ;  with  ordinary  good  luck  they  may  be,  say,  $200  to  $400,  and, 
on  the  other  hand,  the  contractors  may  lose  heavily.  There  are  cases 
reported  where  contractors  have  lost  two  complete  strings  of  tools  in 
one  hole,  spent  three  to  four  months  trying  to  recover  them,  and  tinally 
were  compelled  to  abandon  the  undertaking,  with  loss  of  from  $2,000  to 
$3,000. 

Beginning  to  Drill— Spudding. 

At  first,  to  save  the  long  cable  from  the  rough  handling  of  starting 
the  hole,  a  short  piece  of  old  rope  is  used  in  its  place.  This  is  fastened 
into  the  rope-socket  of  the  tools,  carried  up  over  the  crown-pulley, 
brought  down  and  wound  around  the  bull-wheel  shaft.  As  is  obvious, 
the  tools  being  sixty  feet  or  more  in  length,  cannot  be  suspended  from 
the  walking-beam  until  they  have  got  below  the  surface  of  the  ground, 
60  in  the  beginning  another  way  of  lifting  them  out  must  be  used.   This 
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process  is  called  spudding.  The  tools  are  lowered  into  the  hole,  cut  in 
the  planks  of  the  floor  exactly  under  the  end  of  the  walking  beam,  and 
when  the  drill  just  touches  the  soil  the  brake  of  the  bull- wheels  is 
thrown  down  holding  the  tools  with  jars  open.  One  end  of  the  jerk- 
line,  a  piece  of  cable  with  loop  at  each  end,  is  put  over  the  wrist-pin  of 
the  crank  of  band-wheel,  the  other  end  brought  into  the  derrick  and 
fastened  tight  by  small  rope,  nr)Ose  and  wooden-pin  to  the  cable,  a  few 
feet  above  where  it  leaves  the  bull-wheel  shaft.  The  engine  now  being 
started,  the  crank  revolving  pulls  on  the  jerk-line,  draws  the  cable  to- 
ward it,  and  as  this  cannot  unwind  from  the  shaft,  the  motion  is  trans- 
mitted up  over  the  crown  pulley,  lifting  the  tools;  the  crank  making  a 
half-revolution,  the  tools  fall.  Thus,  at  each  revolution  of  the  crank, 
the  j^rk-line  is  given  a  violent  pull  and  the  tools  are  lifted  by  the  spring 
of  the  rope.  The  driller  meanwhile  turns  the  tools  and  occasionally  lets 
out  a  few  inches  more  rope  by  lifting  the  brake  of  the  bull-wheel. 
When  he  thinks  that  the  bit  is  dull  the  tools  are  hauled  out,  the  fresh 
bit  put  on,  and  the  drillin/2:8  in  the  hole  cleaned  out  by  the  sand-pump. 
The  soil  around  the  upper  part  of  the  hole,  that  is,  from  the  ground 
to  the  firm  rock,  must  be  held  from  falling  in.  For  wells  on  the  hills 
where  f.he  distance  is  but  a  few  feet,  a  shaft  is  dug  by  hand,  and  a  con- 
ductor-box made  of  plank  eight  inches  square  inside  iaset  on  bed-rock. 
When  the  soil  is  too  deep  to  dig  in  this  way,  a  very  large  bit  is  used, 
and  in  the  hole  thus  made  octagonal  wooden  boxing,  or  iron  casing,  is 
inserted.  In  many  places  the  soil  is  very  deep  and  will  not  hold  itself 
up  while  being  drilled,  and  drive  pipe  must  be  used.  This  is  extra- 
strong  pipe,  usually  eight  inches  diameter,  with  steel  shoe  on  lower 
end.  It  is  driven  by  a  heavy  maul,  a  log  of  wood,  lifted  as  the  tools  are 
when  spudding,  and  running  in  temporary  guides  in  the  derrick.  That 
the  pipe  may  drive  more  easily,  it  is  usual  to  drill  inside,  clean  out  the 
earth  and  cut  ahead,  loosening  the  hard  clays  or  breaking  any  boulders 
in  the  way.  The  Macksburg  field  being  south  of  the  line  of  glacial 
drift,  does  not  have  such  thick  deposits  of  clay  and  gravel  in  the  bottom 
lands  as  the  Pennsylvania  fields,  so  pipe  is  seldom  driven.  In  the 
valleys,  a  spuddmg-bit  twelve  to  fifteen  inches  across,  is  used  to  cut 
through  the  soil,  and  the  octagonal  wooden  conductor-box,  or  large 
casing,  7|-inch  internal  diameter,  is  put  in.  Casing  is  preferable,  as  it 
shuts  off  the  surface  water  better.  When  this  is  set,  the  7^-inch  bit  is 
put  on,  and  if  not  already  done,  the  hole  spudded  down  until  the  tools 
are  buried  below  the  derrick- floor.  Then  the  rope  can  be  attached  to 
the  walking-beam  by  the  clamps  of  temper-screw,  and  the  regular  drill- 
ing begins. 
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Drilling, 

The  tools  having  been  lowered  into  the  hole  to  proper  depth,  and 
suspended  from  the  clamps  of  the  temper-screw,  as  told  on  page  488, 
when  describing  the  jars,  the  brake  of  the  bull-wheel  is  thrown  up, 
letting  slack  the  cable  above  the  clamps.  The  tool-dresser  then  turns 
the  bull-wheel  .backwards,  and  unwinds  about  thirty  feet  of  the  cable, 
and,  catching  hold  above  the  clamps,  pulls  this  down,  so  that  it  lies 
loosely  coiled  on  the  floor.  In  the  meantime  the  driller  has  started  the 
engine,  and  the  walking-beam  rocks  up  and  down,  at  the  rate  of  about 
twenty-five  strokes  a  minute,  lifting  the  tools  with  it.  He  then  puts  a 
stick  through  the  rings  below  the  temper-8crew,  and  begins  to  turn  the 
rope.  As  he  turns,  the  slack  part  of  the  cable  loosely  winds  around 
the  taut  portion  below  the  clamps,  and  so,  after  going  in  one  direction 
for  a  while,  he  begins  to  twist  in  the  opposite  way,  uncoiling  the 
slack  rope,  and  coiling  it  ap:ain  in  the  other  direction  until  the  slack 
is  again  wound  up,  when  he  begins  to  turn  as  at  first.  The  twisting 
of  the  rope  turns  the  drill  below,  so  that  it  cuts  a  round  hole.  The 
driller  at  all  times  has  hold  of  the  rope  or  a  stick  connected  to  it,  and 
by  the  feel  knows  how  the  tools  are  working,  whether  the  rocks  are 
hard  or  soft  and,  if  skillful,  should  be  able  to  tell  in  an  instant  if  any 
piece  breaks  or  becomes  unscrewed.  Occasionally  he  stops  turninjr 
loosens  the  set-screw,  and  runs  out  the  temper-screw  a  turn  or  two,  let- 
ting the  tools  lower.  When,  at  lensjth,  in  perhaps  two  or  three  bourse 
the  temper-screw  has  all  run  out,  that  is  when  the  drill  has  advanced  five 
feet,  the  tools  must  be  taken  out  to  clean  out  the  drillings  and,  if  neces- 
sary, to  put  on  a  sharp  bit.  To  do  this,  the  slack  cable  is  pulled  out  on  the 
floor  again,  and  the  bull-rope  is  put  on,  setting  the  shaft  in  motion  and 
winding  up  the  cable.  At  the  exact  instant  the  shaft  of  the  bull-wheels 
take  ths  weight  of  the  tools  from  oflf  the  walking-beam,  the  machinery 
is  stopped,  and  clamps  of  the  temper-screw  are  taken  off".  Then  the 
pitman  is  pulled  from  the  wrist-pin,  allowing  the  walking-beam  to  tip 
back,  and  the  temper-screw  is  swung  back  and  fastened  out  of  the  way. 
The  engine  is  again  started,  and  the  tools  are  drawn  out  of  the  hole. 
As  the  top  of  the  bit  comes'  in  sight,  the  engine  is  stopped,  a  wrench  is 
pulled  under  the  pin  of  the  bit,  another  wrench  put  on  the  auger-stem, 
and,  with  the  aid  of  a  crowbar  the  joint  is  loosened.  The  tools  are 
then  hoisted  clear  of  the  floor,  the  bull-rope  thrown  off",  and  the  tools 
caught  from  falling  back  by  throwing  down  the  bull-wheel  brake.  They 
are  now  swung  to  one  side  out  of  the  way  of  the  sand-pump,  the  tool- 
dresser  takes  off*  the  bit  and  puts  on  the  other.  The  driller  pulls  for- 
ward the  lever  by  big  side,  bringing  the  friction-wheel  of  the  sand-reel 
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against  the  band-wheel,  winding  up  the  sand-pump  line  and  lifting  the 
pump.  Th\8  is  swung  over  the  hole,  and  the  driller,  lifting  the  lever, 
throws  off  the  friction-wheel,  and  the  pump  falls  by  its  own  weight. 
When  it  has  reached  bottom  and  filled  with  mud  and  sand  by  the  valve 
in  its  lower  end,  the  driller  throws  the  lever  down,  the  reel  winds  up 
the  rope  bringing  up  the  pump ;  this  is  tipped  over  and  lowered  again, 
the  operation  being  repeated  until  the  water,  which  it  brings  up,  is  com- 
paratively clear.  Then  it  is  put  aside,  the  tools  are  swung  back  over 
the  hole,  Ipwered  a  little,  the  joint  ot  the  bit  *'set  up,"  and  then  they 
are  allowed  to  fall  into  the  hole,  checked  from  too  rapid  descent  by  the 
brake  on  the  bull-wheel.  Again  the  rope  is  clamped  to  the  temper- 
screw,  which  has  been  run  up,  and  drilling  goes  on  as  before.  The  tool- 
dresser  takes  the  worn  bit  and  places  its  end  in  the  forge  to  heat 
preparatory  to  dressing  it.  The  bellows  are  blown  by  a  rope,  one  end 
of  which  is  connected  to  the  handle  and  the  other  to  the  pitman  of  the 
walking-beam.  Plate  V,  showing  the  interior  of  the  derrick,  gives  the 
position  of  the  forge,  bellows,  anvil,  etc.  After  the  bit  is  hot  it  is 
hammered  out  to  shape  by  sledge,  and  dressed  to  gauge.  With  very 
soft  rock  the  drill  may  not  be  worn  enough  to  necessitate  changing  at 
each  screw,  and  when  the  hole  is  full  of  water,  and  the  drillings  mix 
well,  that  is,  are  held  in  suspension,  sometimes  two  or  more  screws  may 
be  run  without  sand  pumping. 

Wet  and  Dry  Holes. 

In  most  orl-fields  salt-water  is  found  only  in  the  strata  lying  within 
a  few  hundred  feet  of  the  surface.  In  these  places  an  eight-inch  hole 
is  drilled  below  the  point  where  salt-water  comes  in,  and  casing,  5|-inch 
internal  diameter,  is  set,  shutting  off  all  the  water.  Wnen  the  casing 
has  been  set,  bits,  5i-inch  across,  are  used  and  the  hole  continued  inside 
the  casing  through  the  dry  rocks  to  the  desired  depth.  In  Macksburg, 
however,  salt-water  is  generally  found  in  all  the  sandstones  down  to  the 
oil-bearing  sand,  and  thus  drilling  there  differs  from  other  fields  in  being 
done  in  water  for  the  larger  part  of  the  depth.  The  early  walls  were  drilled 
dry,  4J  inch  casing  being  put  in  after  i)assing  through  the  salt-water 
sand,  and  the  rest  of  the  hole,  only  about  300  feet,  was  drilled  with  small 
tools.  Prom  experience  in  former  fields,  at  that  time  it  was  thought 
that  if  the  oil-sand  was  drilled  into  with  the  hole  full  of  water,  the 
well  would  be  injured  by  water  being  forced  into  the  sand.  Some  per- 
son, perhaps  not  being  able  to  procure  casing,  drilled  a  wet  hole,  found 
it  could  be  done,  and  since  then  very  little  of  the  small  casing  has  been 
used. 
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The  advantap:es  of  drilling  dry,  when  it  is  possible,  are,  that  drilling 
is  done  faster,  the  tools  not  being  buoyed  up  by  the  salt- water,  the  rope 
lasts  longer,  small  shows  of  gas  and  oil  are  more  readily  detected,  and 
their  position  located.  Also,  if  tools  are  lost  in  the  hole,  they  can  be 
more  easily  recovered,  as  the  Ashing  tools  are  used  to  better  advantage 
than  when  the  hole  is  full  of  water. 

On  the  other  hand,  the  advantages  of  wet  drilling  are,  that  it  is 
cheaper,  there  is  no  outlay  for  the  small  casing,  no  time  is  lost  in  putting 
in  casing  and  in  changing  the  tools  for  a  smaller  set,  and  when  the  well 
is  down,  the  shot  has  much  greater  effect,  being  tamped  by  the  column  of 
heavy  salt-water.  The  greatest  disadvantage  is  that  the  sides  of  the  hole 
are  kept  wet,  tending  to  soften  some  of  the  shales  into  a  semi-fluid  mud 
which  caves  rapidly,  and  when  there  is  delay  by  lost  or  stuck  tools,  there 
is  always  danger  of  sand  and  mud  settling  around  the  tools,  even  if  a 
decided  caving  of  the  side  does  not  occur.  That  the  Macksburg  wells 
can  be  drilled  wet  without  injury  to  the  oil-sand,  is  due  to  the  great 
amount  of  gas  which  at  present  is  able  to  keep  the  sand  from  being 
flooded  by  the  salt- water.  Whether  this  way  of  drilling  can  be  done 
successfully  when  the  gas  weakens  is  a  matter  of  doubt. 

The  drilling  in  that  field  being  done  so  largely  through  the  Coal 
Measures,  there  are  met  many  bands  of  soft  clays  and  fine  shales  of  all 
colors,  which  disintegrate  rapidly  when  exp')sed  to  air  and  water,  form- 
ing mud.  Those  above  what  is  known  as  the  *^ 300-foot"  sand,  are 
notably  troublesome,  especially  if  the  surface  water  has  not  been  shut 
out  of  the  top  of  the  hole  by  the  large  casing.  To  avoid  trouble  from 
this  upper  mud,  the  "big  hole,"  7iinch,  is  drilled  as  rapidly  as  pos- 
sible to  the  300  foot  sand,  and  the  5|  casing  set  in  the  top  of  this.  When 
this  casing  has  been  put  successfully  in  position,  the  larger  casing  at 
the  top  is  drawn  to  use  in  another  well.  Below  this  point  there  is  less 
danger  of  caving,  but  there  are  still  many  places  from  which  mud  and 
loose  rock  may  fall ;  and  if  the  tools  are  stuck  for  a  few  hours  they  are 
liable  to  be  buried  up  and  must  be  speared  loose. 

Rate  of  Drilling. 

Wells  in  this  field,  1,700  feet  deep,  have  been  put  down  in  twenty- 
five  to  forty  days,  if  not  delayed  by  unusually  "bad  luck."  The  rate  of 
drilling  at  the  top  of  the  hole  is  from  25  to  50  feet  per  tour  (twelve 
hours);  some  men  claim  to  have  made  100  feet.  In  the  small  hole, 
5J-iiich,  where  the  tools  are  retarded  by  salt-water,  the  progress  is  12 
to  18  feet  a  tour;  the  rate  depending  not  only  upon  the  hardness  of  the 
rock,  but  also  on  the  fragments  mixing  well. 
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Caving. 

The  steady  downward  progress  of  the  drill  is  liable  at  any  time  to 
be  interrupted  by  accidents,  such  as  by  caving  of  sides,  breaking  the 
tools  in  the  hole,  or  getting  the  bailer  stuck  and  losing  it  by  breaking 
of  eand-Iine.  The  most  frequent  cause  of  delay  and  expense,  one  for 
which  the  Macksburg  field  is  distinguished,  is  from  caving.  If  the 
large  casing  or  conductor-box  keeps  out  surface-water,  the  drilling  may 
be  dry  for  a  time,  but  water  comes  in  before  going  far,  and  the  driller 
hastens  the  8  inch  hole  to  get  the  5f-inch  casing  set  before  the  rocks  of 
the  upper  part  of  the  well  have  time  to  poften.  After  the  casing  has 
been  set  the  5J  inch  hole  is  continued  dry,  and  if  the  shallow  oil-sands 
do  not  contain  water,  which,  however,  they  usually  do,  it  may  be  kept 
in  this  condition  till  the  salt-water  sand  is  reached.  In  this  case  the 
drillers  take  the  precaution  to  lower  water  needed  for  drilling  into  the 
hole  by  bailer  instead  of  pouring  it  in  and  letting  it  flow  down  on  the 
sides.  On  striking  this  sandstone,  brine  rises  nearly  to  the  top,  so  that 
from  this  time  the  casing  is  of  use,  not  in  keeping  water  out,  but  in 
holding  the  rocks  in  place. 

After  the  5^-inch  casing  has  been  set  a  soft  place  may  be  encountered 
below,  which  caves  so  badly  that  progress  is  impossible,  the  mud  even 
rising  in  the  casing.  Usually  the  casing  is  drawn,  the  8  inch  hole 
reamed  down,  and  the  casing  reset.  There  are  wells  where  the  casing 
has  been  set  four  or  five  times.  This  operation  is  of  course  very  tedious 
and  difficult,  for  when  the  casing  is  drawn,  caving  may  take  place  from 
all  the  bad  spots  above.  To  obviate  this  danger  there  is  now  used  a  bit 
which  will  go  inside  the  casing,  and  when  below  this,  spring  out  and 
cut  a  large  hole  so  that  the  casing  can  be  driven  down.  This  is  said  to 
be  very  successful  in  soft  rocks,  and  if  so,  will  prove  of  great  service  to 
this  field. 

Fishing. 

The  operation  of  recovering  a  tool,  or  removing  any  such  obstruc- 
tion in  the  hole,  is  known  as  a  '*  fishing  job." 

The  tools  for  this  purpose  are  innumerable,  varying  with  the 
peculiarities  of  the  accident  and  the  facilities  at  hand.  Their  construc- 
tion brings  into  play  all  the  ingenuity  of  the  machinist,  and  their  use 
require  from  the  driller  skill  and  unlimited  patience. 

A  stranger  can  form  some  idea  of  the  difficulties  of  these  fishing 
jobs,  when  he  is  told  that  it  is  quite  an  ordinary  operation,  to  remove 
from  a  hole  five  and  one-half  inches  in  diameter  and  over  one-quarter  cf 
a  mile  deep,  a  string  of  tools  seventy  feet  long,  weighing  2,400  pounds, 


496  GEOLOGY    OP    OHIO. 

nearly  filling  the  hole,  and  wedged  so  tightly  that  a  ship's  cable  could 
not  pull  them  loose. 

The  Macksburg  field  has  had  an  unusual  number  of  long  and 
expensive  fishing  .jobs,  besides  a  great  many  of  less  note,  mostly  due  to 
the  wet  drilling.  It  is  said  that  there  are  probably  two  fishing  jobs 
here  to  one  in  the  Pennsylvania  fields,  and  that  at  one  time  out  of  thirty- 
two  drilling  wells  fourteen  were  fishing.  If  tools  are  stuck  below  the  jars 
60  tightly  that  they  cannot  be  jarred  loose,  or  if  the  upper  part  of  the  tools 
have  become  so  wedged  by  stones  or  mud  caving  in,  so  that  the  jars  do 
not  work,  it  will  not  do  to  pull  on  the  cable,  but  the  tools  must  be 
speared  loose,  that  is,  the  rocks  and  earth  cut  away  from  around  them. 
For  this  purpose  is  used  a  tool  called  a  spear,  fig.  10  on  plate  IV,  with  very 
long  thin  blade,  forty  to  sixty  feet  in  length,  its  cross  section  being 
somewhat  the  shape  of  a  crescent.  Before  putting  this  into  the  hole, 
the  cable  attached  to  the  stuck-tools  must  be  gotten  out  of  the  way. 
For  this  purpone  a  rope-knife,  on  the  end  of  sucker-rodp,  is  run  down 
along  the  rope.  When  the  knife  reaches  the  top  of  the  tools  it  is  pulled 
up;  the  edge  catches  in  the  rope  and  cuts  it  off.  The  cable  is  then 
hauled  out,  another  rope-socket  put  on,  and  a  second  "string  of  tools" 
made  up  by  using  an  extra  sinker-bar,  jars  and  the  spear.  With  this 
a  space  is  slowly  cut  around  the  tools,  the  process  being  similar  to 
drilling  with  ordinary  bit,  that  is,  first  cutting  with  spear,  then  bailing 
out  the  fragments,  and  again  spearing  until  at  length  the  tools  are  free. 
Then  the  spear  is  taken  off,  and  in  its  place  is  put  some  kind  of  socket 
to  ^rasp  the  tools.  What  is  known  as  a  slip-socket  is  generally  used 
here.  This  is  a  tool  made  to  slip  over  the  top  of  the  loosened  tools 
below,  without  catching,  but  on  being  drawn  back  two  loose  slips,  with 
roughened  surfaces  on  inside,  are  drawn  inward,  and  wedging,  securely 
hold  the  object  between  them.  When  the  slip-socket  has  a  good  grip  it 
stands  jarring  upward  for  a  long  time,  so  that  even  if  the  tools  still 
stick,  jarring  may  bring  them  out. 

A  horn-socket  is  used  when  there  is  no  neceFsity  of  jarring.  This 
is  a  circular  tool  with  long  conical  hole  in  bottom.  It  is  lowered  over 
the  top  of  the  lost  tool,  and  when  the  head  of  the  tool  once  gets  fairly 
wedged  in  this  opening,  it  is  held  there  by  friction. 

There  are  innumerable  shapes  of  sockets  depending  upon  the  form 
of  the  object  to  be  grasped. 

There  are  also  various  devices  for  straightening  up  a  lost  tool,  as  a 
bit,  which  has  fallen  so  slanting  in  the  hole  that  a  socket  cannot  get 
hold. 

To  recover  the  end  of  a  rope  broken  in  the  hole  there  are  rope-spears 
and  grabs.     The  rope-spear  is  a  straight  bar  with  barbs  pointing 
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upward  along  its  sides.  The  grabs  have  two  or  three  prongs  with  the 
barbs  pointing  inward  and  upward.  These,  when  lowered  into  a  mass 
of  rope  in  the  hole  and  then  pulled  back,  catch  into  the  coils  and  draw 
the  rope  out. 

To  get  hold  of  joints  of  tubing  or  casing  which  has  broken  apart, 
tools  are  made  which  slip  inside,  and  when  pulled  up  increase  in 
diameter,  thus  pressing  outward  and  holding  the  pipe  by  friction 
against  its  inner  surface.  If  the  casing  is  fast  and  will  not  start,  then 
it  can  either  be  slit  up  by  a  casing-splitter  allowing  it  to  collapse,  or  it 
can  be  cut  off  at  any  point  by  a  casing-cutter. 

The  only  good  illustrations  of  the  commoner  fishing  tools,  as  yet 
seen,  are  those  given  in  the  catalogue  of  the  Oil-Weil  Supply  Co.  Line. 
From  this  some  idea  of  their  ingenuity  can  be  had,  but  to  fully  appreci- 
ate the  engineering  feats,  which  are  by  them  accomplished,  a  person 
must  visit  the  drilling* wells  of  the  oil  regions. 

Mbasubing  ths  Drilling-Well. 

A  measurement  of  the  depth  below  surface  of  any  stratum,  can,  of 
course,  only  be  made  while  the  drill  is  passing  through  it,  that  is,  as  it 
in  turn  forms  the  bottom  of  the  well.  As  quick  time  is  of  the  first  im- 
portance, and  the  operations  of  drilling  go  on  continuously  day  and 
night,  unless  interrupted  by  accident,  until  the  well  is  down,  the  meas- 
urement must  be  done  quickly,  and  at  the  moment  the  drill  is  not  at 
work,  whether  this  happens  during  the  day  or  at  the  most  inconvenient 
hours  of  the  night.  It  is  evident  that  the  drillers  are  the  only  persons 
who  can  be  ready  at  hand,  and  on  them  depends  the  accuracy  of  all  or- 
dinary measurements,  as  well  as  the  determination  of  each  change  of 
rock.  As  a  general  thing,  the  exact  depth  of  any  rock,  excepting  the 
oil-bearing  sands,  is  a  matter  of  small  interest  to  the  driller,  he  being 
satisfied  with  a  very  general  knowledge  that  the  rocks  are,  as  he  terms, 
''regular." 

The  method  in  most  common  use  is  called  the  derrick  measurement, 
the  distance  to  bottom  of  well  being  obtained  at  any  time  by  measur- 
ing the  drilling-cable  on  the  derrick,  as  the  tools  are  being  lowered  into 
the  hole.  The  exact  distance  from  bull-wheel  shaft  up  over  crown-pul- 
ley down  to  floor  of  derrick  must  be  known.  This  is  about  140,  160,  or 
180  feet,  according  as  the  derrick  is  nine,  ten  or  eleven  girths  high. 

When  the  tools  hang  in  the  derrick  just  entering  the  hole  in  the 
floor,  a  string  is  tied  on  the  cable  at  the  bull-wheel  shaft.  The  tools  are 
lowered  till  this  string  has  gone  up  over  and  come  down  to  the  floor, 
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then  another  string  is  tied  on  near  the  shaft,  and  so  on,  till  the  tools  are 
close  to  the  bottom ;  the  last  fraction  of  derrick-height  being  measured 
by  a  five-foot  stick.  In  the  ordinary  course  of  drilling,  such  measure- 
ments are  made  every  few  days,  or  when  some  well-known  stratum  is 
reached.  Intermediate  distances  are  estimated  by  the  number  of  screws 
run  since  the  last  measurement. 

It  will  be  seen  at  once,  that  errors  can  come  in  by  slipping  of  string, 
stretching  of  the  rope,  and  mistakes  in  number  of  screws,  any  one  of 
which  would  vitiate  the  record  for  scientific  purposes ;  and  even  should 
the  rock  layers  be  identified  in  order  as  the  drill  passes  through  them, 
still  there  is  liability  of  inaccuracy  in  depth  and  thickness.  On  strik- 
ing the  top  of  oil-bearing  sand,  or  passing  through  the  bottom  of  it, 
more  care  is  taken  that  there  may  be  mo  error  as  to  the  right  place  to 
put  the  torpedo.  Most  producers,  therefore,  use  a  steel  tape  or  round 
wire  measuring-line,  marked  every  fifty  feet,  and  tested.  The  flat  tapes 
are  more  common  than  round  wire,  it  being  thought  that  they  stretch 
less.  In  a  deep  hole,  say  one-third  of  a  mile,  filled  with  salt-water,  it 
requires  some  skill  to  tell  when  the  weight  on  the  measuring-line  has 
reached  bottom,  and  without  great  care  even  the  steel  tape  may  thus 
deceive. 

Shooting. 

As  soon  as  possible  after  the  drill  has  passed  through  the  oil-sand, 
the  well  is  torpedoed,  to  open  up  fissures  in  the  sand  and  increase  the 
fiow.  For  this  purpose  nitro-glycerine  is  used  in  quantity,  varying 
from  thirty  to  eighty  quarts,  or,  at  3J  pounds  per  quart,  from  100  to  267 
pounds;  160  to  200-quart  shots  have  been  reported.  The  amount  used 
is  governed  largely  by  the  capacity  of  the  shells;  that  is,  the  torpedo 
case  is  as  long  as  the  good  oil-sand  is  thick,  and  usually  as  large  as  can 
be  safely  inserted. 

The  torpedo  consists  usually  of  one  or  more  tin  shells  filled  with 
nitro-glycerine,  and  provided  with  suitable  firing-head.  The  shells  are 
from  three  to  five  inches  in  diameter,  five  inches  being  as  large  as  can 
be  used.  The  length  of  the  shell  depends  upon  the  size  of  the  shot.  A 
five-inch  shell  will  hold  4.08  quarts  to  the  foot,  and  as  100  pounds  is 
about  as  much  as  can  be  safely  lowered  at  once,  shells  of  this  diameter 
are  not  over  7i  feet  long.  The  nitro-glycerine  comes  from  the  factory  in 
square  tin-cans,  holding  six  or  eight  quarts,  or  twenty  to  twenty- five 
pounds  each.  They  are  transported  in  a  light  buck-board  buggy,  fitted 
for  the  purpose. 

The  seat  of  the  carriage  is  made  to  tip  back,  uncovering  a  box  divi- 
ded into  sixteen  or  twenty  compartments,  each  padded  to  hold  snugly  a 


MODB  OF  DBILLING  OIL-WELLS.  499 

can  of  nitro-glycerine.  On  the  side  of  the  buck-board  are  two  Y'e,  in 
which  the  tin  sheila  are  strapped,  and  behind  are  carried  the  reels  for 
lowering  and  firing.  The  carriage  is  drawn  over  the  rough  roads  by  a 
pair  of  good  horses,  at  a  speed  that  seems  to  a  stranger  decidedly  dan- 
gerous. Arriving  at  the  well,  a  shell  is  placed  in  the  top  of  the  casing, 
fastened  there,  and  filled  by  pouring  in  the  nitro-glycerine  from  tbe 
cans.  Then  being  hooked  to  the  end  of  the  wire  lowering-line,  the  shell 
is  slowly  lowered.  When  it  rests  at  bottom,  the  hook  disengages,  and 
the  line  is  reeled  up.  For  a  large  shot  several  shells  are  used,  one  rest- 
ing on  top  of  another.  The  lowest  shell  is  supported  up  to  the  proper 
height  in  the  sand  by  a  small  tin  tube  called  the  **  anchor." 

After  the  first  shell  has  been  lowered,  the  measuring-line  should  be 
run  in  to  be  certain  that  the  shell  is  at  the  right  place,  and  has  not 
struck  on  some  projection  in  the  wall  at  a  point  above  where  it  is  in- 
tended to  be. 

EXPLODEBS. 

There  are  several  ways  of  exploding  the  nitro-glycerine  after  it  has 
been  put  into  position  into  the  well.  The  method  in  longest  use  is  by 
what  is  known  as  the  ^*  go-devil."  For  a  go-devil  shot,  the  top  shell  has 
in  its  upper  part  a  small  perforated  tin  tube  containing  three  or  four 
little  anvils,  one  above  the  other,  each  carrying  a  water-proof  percussion 
cap.  The  nitro-glycerine,  when  the  shell  is  full,  flows  in  around  these 
caps  through  the  perforations  in  the  small  tube.  On  the  upper  cap  rests 
an  iron  rod,  fastened  to  a  flat  plate  above  the  shell.  When  this  shell  is 
in  place  and  the  lowering-line  reeled  up, an  iron  casting  called  the  "go- 
devil"  is  dropped  into  the  well.  This  falling,  strikes  upon  the  iron 
plate,  the  shock  sets  ofif  the  percussion  caps,  exploding  the  nitro-glycer- 
ine. On  plate  IV,  fig.  12,  is  shown  a  drawing  of  the  shells  in  common 
use.  This  represents  two  shells  in  the  well,  the  one  above  resting  on 
the  lower,  which  is  held  up  in  the  hole  by  the  long  tail-piece  or  anchor. 
In  the  top  of  the  upper  shell  is  seen  the  firing  plate  steadied,  by  two 
wires,  and  above  this  the  go-devil  about  to  fall  on  it.  Both  shells  are 
represented  as  broken  near  the  middle,  in  order  to  shorten  the  cut. 

If  the  go-devil  does  not  set  off  the  shot,  becauae  either  it  did  not 
fall  with  sufficient  rapidity  through  the  salt-water  or  mud  had  fallen  on 
the  plate,  the  shot  must  be  "squibbed".  The  squib  is  a  small  shell, 
holding  a  quart  or  more  of  nitro-glycerine.  It  is  lowered  until  it  rests 
on  the  shells  in  the  well,  and  is  then  fired  by  letting  a  hollow  weight 
run  down  on  the  wire  line.  Guided  by  the  line  this  weight  strikes  a 
firing  head  similar  to  that  used  on  larger  shells,  and  the  explosion  of 
the  squib  sets  off  the  larger  bulk  of  nitro-glycerine  below. 
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The  method  of  exploding  now  most  in  favor  is  by  a  time  fuse.  The 
top  shell  is  not  provided  with  firing-head,  but  is  made  like  the  other 
shells.  The  squib  which  carries  the  time-fuse  is  made  hollow  in  the 
centre  to  hold  about  a  pint  of  nitro-glycerine.  Into  this  nitro-glycerine 
is  inserted  the  end  of  a  long  fuse  terminating  in  a  large  fulminate  cap. 
The  fuse  is  cut  of  length  to  burn  two  to  three  minutes,  according  to 
depth  of  well.  It  is  wound  around  the  hollow  centre  piece,  enclosed 
in  a  tin  covering,  and  then  the  intecstices  filled  with  sand.  When  all 
is  ready,  the  projecting  end  of  the  fuse  is  lighted  and  the  squib  dropped 
into  the  well.  The  fuse  is  cut  of  such  length  that  the  squib  shall  fall 
upon  the  shells  before  exploding,  thus  setting  them  off. 

In  old  wells,  which  have  been  shot  several  times,  there  must  be  a 
large  cavity,  and  in  this  the  shells  of  another  shot  may  fall  or  be 
inclined  so  that  the  go-devil  cannot  strike  the  firing-plate.  It  is  for 
this  class  of  wells  that  the  fuse  is  most  used.  The  time-squib  has  the 
advantage  over  the  go-devil-squib  that  it  does  not  require  that  a  firing- 
line  shall  be  used  and  left  in  the  hole,  where  it  is  not  only  lost,  but  may 
help  to  form  a  " bridge"  or  plug  in  the  hole. 

The  explosion  takes  place  at  such  great  depth  that  at  surface  there 
is  felt  merely  a  slight  jarring  of  the  ground,  and  a  report  about  as  loud 
as  a  pistol  shot  is  heard.  In  a  few  seconds,  however,  the  enormous  force 
of  the  explosive  is  shown  by  the  flow  of  oil  shooting  high  above  the 
derrick,  bringing  out  stones,  water  and  fragments  of  the  tin  shells. 
This  first  flow  is  allowed  to  go  into  the  air  in  order  that  the  well  may 
be  blown  out  clean.  As  soon  as  possible  tubing  is  put  in  and  con- 
nections made  to  the  tank,  to  save  the  following  flow. 

A  good  flow  does  not  always  follow  a  shot.  Sometimes  the  shattered 
fragments,  instead  of  being  thrown  out,  become  wedged  and  jammed 
together,  completely  choking  up  the  hole  and  forming  a  '^  bridge."  In 
this  case  the  drilling-tools  must  be  put  in  and  the  bridge  cut  out.  This 
is  a  disagreeable  undertaking,  since  the  well  is  full  of  foul  oil  and 
poisonous  burnt  products  of  nitro-glycerine,  which  are  occasionally 
thrown  out,  covering  men  and  machinery. 

Explosives. 

For  the  torpedo  various  explosives  have  been  tried,  but  nitro- 
glycerine has  supplanted  them  all.  Its  fluidity  is  not  such  an  objection 
as  in  other  mining  operations,  because  the  torpedo  is  always  used  in  a 
vertical  hole,  and  not,  as  in  ordinary  blasting,  in  any  position.  For 
wells  outside  the  oil-regions,  and  at  a  distance  from  the  nitro-glycerine 
factories,  black  powder  or  some  of  the  various  dynamites  are  used,  and 
in  the  oil-field  itself  attempts  have  been  made  to  introduce  rack-a-rock, 
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an  explosive  consisting  of  chlorate  of  potash  and  di-nitro-benzole,  which 
are  mixed  when  ready  for  use,  but  the  producers  do  not  believe  that 
anything  is  as  quick  and  powerful  as  nitro-glycerine,  and  say  that  all 
other  explosives  tend  rather  to  break  the  sand  into  fragments  near  the 
torpedo,  thus  choking  up  the  hole,  and  do  not  open  up  such  far-reaching 
fissures. 

One  of  the  greatest  objections  to  nitro-glycerine  is  the  danger  in 
handling  the  vessels  in  which  it  has  once  been  put,  and  especially  the 
tin  cans  in  which  it  is  carried.  Many  fatal  accidents  have  occurred 
from  these  cans  having  been  left  hidden  in  the  underbrush  near  a  well 
where  nitro-glycerine  has  been  used,  and  being  carelessly  handled  by 
boys  or  ignorant  and  reckless  persons  who  have  found  them. 

Manufacture  of  Nitroglycerine. 

The  manufacture  of  nitroglycerine  is  largely  dependent  upon  the 
production  of  petroleum,  and  is  closely  connected  with  it,  since  not  being 
received  by  railroads  and  other  carriers,  the  fluid  must  be  made  within 
or  close  to  the  oil-producing  areas. 

The  process  is  quite  simple,  requiring  little  capital  or  skill,  intelli- 
gence and  proper  caution  being  the  principal  requisites. 

The  plant  consists  of  one  or  more  cheap  sheds,  with  plenty  of  open- 
ings for  ventilation,  a  few  small  wooden  tanks,  a  mixing-tub,  good 
water  supply,  and  abundance  of  ice.  The  operations  of  manufacture 
are  merely  the  pouring  pure  glycerine  into  a  mixture  of  nitric  and 
sulphuric  acids,  and  the  washing  out  the  excess  of  acid. 

The  mixed  acid  is  shipped  by  the  manufacturer  of  chemicals  in  iron 
drums  holding  1,500  pounds  each.  These  drums  are  cylindrical  in  form, 
three  and  one-fourth  feet  long  by  two  and  one-fourth  feet  diameter. 
They  are  made  of  boiler-plate,  riveted  and  protected  from  external 
injury  by  iwo  rings  of  cart-iron  placed  near  the  center,  on  which  they 
can  be  rolled.  They  are  filled  and  emptied  by  a  hole  in  the  side,  which 
is  closed  by  screwing  in  an  iron  plug.  The  pure  glycerine  or  oil,  as  it 
is  termed,  comes  in  small  kegs.  To  ^\make  a  run"  a  tank  of  acid  is 
emptied  into  the  mixing-tub.  This  is  a  cylindrical  iron  vessel,  open  at 
top,  about  three  feet  in  diameter,  and  four  feet  deep,  made  of  riveted 
iron  plates. 

It  is  placed  inside  of  a  large  wooden  tanl ,  and  the  space  between 
the  walls,  about  eight  inches,  is  kept  filled  with  ice.  In  the  center  of 
the  mixing-tub  is  a  vertical  iron  shaft,  carrying  horizontal  iron  arms 
or  stirrers.  The  arms  are  made  to  revolve  by  beveled  gears  at  top  of  shaft, 
connecting  it  with  horizontal  shaft  leading  to  crank  at  one  side.    A 
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long  thermometer  is  immersed  in  the  acid,  with  its  top  projecting  above 
the  wooden  cover.  The  acid,  by  exposure  to  air  in. process  of  trans- 
ferring from  tank  to  mixer,  becomes  heated,  and  must  be  left  to  cooL 
When  the  temperature  has  come  down  to  about  60^,  the  stirrer  is  set  in 
motion,  and  the  glycerine  is  allowed  to  flow  into  the  acid  in  a  small 
stream.  The  acid  at  once  begins  to  heat,  and  the  thermometer  must  be 
watched.  If  the  temperature  gets  above  80^,  the  stream  of  oil  is  shut 
off  till  the  mercury  goes  down,  the  stirring  going  on  all  the  time. 

The  oil  is  run  in  as  rapidly  as  is  possible  without  sending  the 
temperature  up  to  a  dangerous  point,  since  the  yield  of  nitro-glycerine 
is  said  to  be  larger,  the  more  quickly  the  run  is  made.  When  oil, 
equaling  in  weight  i  of  that  of  the  acid,  has  been  run  in,  the  mixture 
is  *^  drowned,"  that  is,  a  plug  in  the  bottom  of  the  mixing-tub  is  drawn 
out,  and  the  whole  contents  dumped  into  a  tank,  holding  fifty  to  sixty 
barrels  of  cold  water.  The  nitro- glycerine  settles  to  the  bottom,  ex- 
cepting a  small  film  which  floats  on  top,  but  can  be  made  to  settle  by 
lightly  patting  with  a  flat  stick.  The  water  is  first  drawn  off,  and  then 
the  nitro-glycerine  is  allowed  to  run  into  a  smaller  wooden  tank.  Here 
it  is  washed  to  free  it  from  acid,  for  about  three  hours,  by  letting  flow 
through  it  a  stream  of  water  heated,  if  possible,  to  140**  F. 

When  clean,  it  is  packed  in  tin  cans  or  earthenware  jars,  and  stored 
in  safes  or  vaults  until  wanted. 

From  1,600  pounds  of  the  mixed  acids,  and  188  pounds  of  glycerine, 
a  yield  of  380  pounds  of  nitro-glycerine  is  considered  good.  In  damp 
and  rainy  weather  the  yield  is  less,  since  the  moisture  in  the  air  dilutes 
the  acid;  the  heat  thus  generated  also  delays  the  operation. 

In  the  Macksburg  field  there  are  two  manufacturers,  each  making 
probably  a  ton  or  more  of  nitro-glycerine  per  month.  The  price  is  65 
cents  per  pound,  or  $2.00  a  quart,  exploded  in  the  well ;  the  price  at 
Bradford,  Pa.,  and  adjoining  places,  is  $1.00  a  quart  in  well.  The  men 
who  make  the  nitro-glycerine  and  put  in  the  torpedoes  are  paid  $76.00  to 
$100.00  per  month.  On  account  of  the  poisonous  nature  of  the  material 
all  those  who  handle  it  have  painful  headaches  and  sickness,  from  which 
continued  contact  not  only  does  not  give  immunity,  but  even  increases 
the  severity. 

Tubing  and  Packing  the  Well. 

As  soon  as  the  flow  caused  by  the  shot  has  ceased,  preparations  are 
begun  to  put  in  the  tubing.  A  few  of  the  largest  wells  will  flow  for  a 
time  through  the  casing,  usually,  however,  there  is  not  sufficient  gas 
and  oil  to  do  this,  excepting  just  after  a  shot,  and  tubing,  extending  from 
the  top  to  bottom  of  the  well,  is  inserted  to  diminish  the  area  which  the 
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gas  and  oil  must  fill.  In  the  Macksburg  field  the  tubing  and  packer 
serve  still  another  purpose,  that  of  keeping  the  salt-water,  which  here 
comes  into  the  wells  in  inexhaustible  supply,  from  forcing  its  way  into 
the  oil-sand,  and  driving  back  the  oil  or  injuring  the  permeability  of 
the  rock.  In  other  fields  the  casing  usually  shuts  off  all  the  water,  but 
here  it  merely  keeps  the  upper  rocks  from  caving,  and  the  tubing  must 
supply  this  deficiency.  The  customary  size  of  tubing,  both  for  flowing 
and  pumping-wells  is  two  inches  internal  diameter,  but  for  the  smaller 
wells  at  Macksburg  1^  or  even  l^inch  is  used,  not  only  on  account  of 
lower  cost,  but  also  because  if  the  tubing  is  just  large  enough  to  de- 
liver the  oil,  the  flow  is  more  regular,  and  the  tubing  is  kept  cleaner, 
the  paraffine  not  being  so  apt  to  be  deposited  and  to  finally  fill  the  tub- 
ing as  when  the  intervals  between  the  flows  are  longer. 

The  cost  of  tubing  in  September,  1885,  was  thirteen  cents  per  foot 
for  2-inch,  eleven  cents  for  l^inch,  and  about  nine  and  one-half  cents 
for  l^inch.  The  tubing  is  made  in  lengths  of  eighteen  to  twenty  feet, 
with  screw-thread  on  each  end ;  two  pieces  are  screwed  together  by  a 
coupling  which  is  sold  with  the  tubing  already  screwed  on  one  end  of 
each  length. 

Thb  Packer. 

The  packer  is  a  device  for  filling  the  space  around  the  tubing  at  a 
point  above  the  oil-sand  to  confine  the  oil  and  gas  so  that  they  can  escape 
only  through  the  tubing,  and  at  the  same  time  it  keeps  all  the  water 
from  the  oil-sand.  There  have  been  innumerable  styles  of  rubber  packers 
invented  and  patented  ;  the  general  principle,  however,  is  the  same.  A 
hollow  cylinder  of  rubber,  smooth  or  ribbed  on  the  outside,  and  as 
large  as  can  be  put  into  the  well,  is  held  above  and  below  by  flanges 
connected  by  a  slip-joint.  This  arrangement  is  put  near  the  lower  end 
of  the  tubing  at  such  a  distance  from  bottom  that  the  rubber  shall  come 
against  a  firm  stratum  close  above  the  oil-sand.  When  the  tubing  rests 
on  the  bottom  of  the  well,  the  weight  of  its  upper  part  forces  the  top 
flange  upon  or,  if  conical,  into  the  rubber,  distending  it  horizontally 
against  the  sides  of  the  well,  making  a  gas  and  water-proof  joint.  The 
packer  most  largely  in  use  at  Macksburg,  is  quite  simple,  is  unpatented, 
made  at  Marietta  and  resembles  in  outline  the  Armor  packer  most 
nearly.  It  has  a  smooth  rubber  cylinder,  ten  or  twelve  inches  long,  up- 
per flange  is  conical,  slip-joint  is  below  the  rubber. 

Anchob. 

The  portion  of  the  tubing  below  the  packer  is  called  the  anchor. 
To  allow  oil  and  gas  to  flow  freely  into  the  tubing,  the  anchor  is  usually 
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made  of  perforated  pipe,  or  of  short  pieces  of  tubing  connected  by  T'g, 
the  third  hole  of  the  T  being  left  open. 

Putting  in  the  Tubing. 

To  tube  a  well  there  is  required,  in  addition  to  the  rig  and  power 
already  in  use  for  drilling,  a  tubing-line,  snatch-block,  pair  of  tubing- 
elevators,  tongs  and  the  tubing  provided  with  anchor  and  packer  (or 
pump-barrel  for  a  pumping-well). 

The  elevator  is  a  contrivance  (fig.  16,  plate  IV)  which  is  placed 
around  the  tubing  below  the  coupling,  grasping  it  loosely,  and  allowing 
the  tubing  but  not  the  coupling  to  slip  through.  It  is  provided  with 
a  pair  of  handles  or  bails,  into  which  to  put  the  hook  of  the  snatch- 
block. 

One  end  of  the  tubing-line,  which  is  often  a  piece  of  old  cable  800 
feet  long,  is  attached  to  the  bull-wheel  shaft,  the  other  end  is  carried  up 
over  the  crown-pulley,  the  slack  pulled  down,  and  then  the  end  fastened 
to  the  top  of  the  derrick.  In  the  bight  thus  formed  the  snatch-block 
is  placed. 

The  hook  of  the  snatch-block  is  put  into  the  bails  of  the  elevator, 
which  has  been  placed  on  the  anchor  piece,  the  engine  started  and  the 
piece  is  hoiisted  and  lowered  into  the  casing,  until  the  elevator  rests 
across  the  casing-head.  Then  the  other  elevator  is  fastened  to  the  joint  of 
tubing  carrying  the  packer.  This  is  lifted  until  it  swings  over  the 
anchor-piece,  the  two  are  screwed  together  by  wrenches,  the  whole 
hoisted  to  relieve  the  lower  elevator.  This  is  taken  off  and  the  tubing 
is  lowered  until  the  second  elevator  rests  in  turn  upon  the  casing-head. 

The  first  elevator  has,  meantime,  been  put  on  a  piece  of  tubing. 
This  is  now  hoisted,  screwed  into  the  top  of  the  length  in  the  well, 
lifted  a  few  inches,  the  lower  elevator  removed,  and  the  string  of  tubing 
again  lowered. 

This  operation  is  repeated  until  the  whole  of  the  tubing  has  been 
put  in,  the  tubing  being  all  the  time  hung  from  the  coupling  of  the 
piece  last  screwed  on.  When  the  tubing  rests  on  the  bottom  of  the 
well,  from  its  upper  end  it  is  continued  by  a  square  turn  and  two-inch 
pipe  called  the  "  lead-pipe,"  to  the  tank. 

While  putting  in  the  tubing  the  well  usually  flows,  drenching  the 
men  and  wasthig  the  oil.  To  avoid  this  inconvenience  and  loss  a  disk 
is  often  used.  This  is  a  thin  sheet  of  brittle  composition  metal,  placed 
in  the  tubing  just  above  the  packer,  preventing  any  oil  flowing  up. 
When  the  well  has  been  tubed,  successfully  packed,  and  connections 
made  with  the  tank,  an  iron  rod  is  dropped  into  the  tubing.    This  shat- 
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.tering  the  disk,  a  flow  immediately  followe.  In  large  wells,  however, 
the  tubing  cannot  be  forced  down  and  a  packer  made  tight  when  a  disk 
is  used,  on  account  of  the  enormous  gas-pressure. 

Flowing  Wbll^. 

All  the  deep  wells,  that  is,  those  drilled  into  the  lowest  oil-bearing 
sandstone  at  Macksburg,  are  flowing,  and  when  once  tubed  and  packed, 
require  no  further  outlay,  excepting  for  gauging  the  tanks  and  general 
supervision,  for  months,  and  perhaps  for  a  year  or  more,  unless  some 
accident  occurs. 

The  gae-pressure  has  never  been  measured  in  this  field,  but  as  it  can 
lift  a  column  of  oil  1,900  feet  in  height,  it  must  be,  at  least,  over  700 
pounds  to  the  square  inch. 

Oil-wells  do  not  flow  continuously  and  quietly  like  a  spring  of  water, 
but  by  paroxysms,  which  occur  with  some  regularity.  At  all  times 
more  or  less  gas  is  escaping  from  the  well;  at  certain  intervals,  however, 
its  free  passage  is  choked  by  accumulating  oil,  then  the  flow  of  gas  di- 
minishes  and  the  pressure  below  increases,  until  finally  it  lifts  the  column 
of  oil  and  ejects  it  with  great  violence.  The  gas  then  flows  uninter- 
ruptedly, until  the  oil  collecting  in  the  tubing  again  interferes  with  its 
passage,  and  a  second  flow  takes  place.  The  great  expansion  of  the 
gas  attendant  upon  this  sudden  release  of  pressure,  causes  an  intense 
oold,  so  that  pipes  have  been,  even  in  the  hottest  days  in  summer,  cov- 
ered with  frost  or  completely  frozen  up  at  times  where  a  small  amount, 
of  water  had  collected.  On  large  gas-wells  the  apparatus  used  for  re- 
ducing and  equalizing  the  pressure  is  kept  heated  by  a  gas  flame  to 
prevent  the  freezing  at  this  point  of  the  water  and  '*  weaker"  oils. 

PaBAFFINE   IN  THE   TUBINQ. 

On  account  of  this  intense  cold,  or  because  of  the  escape  of  the 
lightest  oils  as  gas,  the  solvent  power  of  the  crude  is  diminished,  or 
from  other  causes  not  fully  understood,  solid  parafi&ne  separates  from 
some  oils,  and  is  deposited  on  the  inside  of  the  tubing,  gradually  filling 
it  up  and  preventing  the  flow. 

To  remove  this  paraffine  numerous  devices  are  employed.  The 
simplest  plan  is  to  shut  in  the  well ;  that  is,  to  turn  a  stop-cock  on  the 
tubing  so  that  no  gas  can  escape  for  twenty  minutes  or  an  hour,  or  as 
long  as  it  is  thought  safe,  there  being  danger  of  too  great  pressure  lift- 
ing the  tubing  and  unseating  the  packer.  When  it  is  judged  that  sufli- 
ciont  pressure  has  been  obtained,  the  cock  is  quickly  opened  and  the 
rush  of  gas  which  follows  will  usually  throw  out  much  of  the  parafline* 
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Sometimes  it  is  shot  out  in  lengths  of  a  few  feet,  looking  like  huge  can- 
dles, and  again  it  is  pushed  out,  falling  in  long  coils  upon  the  derrick 
floor  or  into  the  tank. 

If  this  does  not  succeed,  the  tubing  must  be  cleaned  by  a  spear  or  a 
paraffine  auger.  The  spear  is  a  straight  iron  rod  hung  on  the  sand-line. 
This  is  lowered  into  the  tubing,  and  when  it  has  settled  as  far  as  it  will 
go,  the  paraffine  is  jerked  out  as  rapidly  as  the  engine  can  pull  it.  This 
operation  is  repeated  again  and  a^ain,  each  time  the  spear  settling  a 
little  lower,  and  the  rope  cutting  and  bringing  out  slushy  paraffine, 
which  is  lavishly  distributed  over  men  and  machinery.  Sometimes 
there  is  put  on  the  lower  end  of  the  spear  one  or  more  leather  caps,  so 
made  that  when  going  down  they  close  against  the  spear,  but  on  being 
withdrawn,  open  and  scrape  against  the  sides  of  the  tubing. 

This  is  called  agitcUing  a  well.  The  theory  is,  that  by  the  rapid 
withdrawal  of  the  spear  a  partial  vacuum  is  formed,  and  the  gas,  rush- 
ing to  fill  it,  throws  out  the  loosened  particles  of  paraffine. 

The  auger  is  a  long  flat  blade,  twisted  in  a  spiral.  This  is  fastened 
to  the  sand-line  by  a  swivel,  so  made  that  when  the  auger  is  descending 
it  can  twirl  about  and  work  its  way  into  the  paraffine,  but  on  hauling 
up,  a  catch  on  the  swivel  holds  so  that  the  auger  cannot  reverse  its 
motion  without  twisting  up  the  rope.  This  it  cannot  do,  as  the  rope  is 
under  tension,  and  the  auger  pulls  out  the  paraffine  precisely  as  a  car* 
penter's  auger  will  clean  the  hole  which  it  has  bored  when  jerked  out. 

The  last  resort,  if  the  paraffine  cannot  be  got  out  any  other  way,  is 
to  pull  out  the  tubing,  disjoint  it  and  blow  steam  through  the  joints, 
cleaning  them  thoroughly. 

No  care  is  now  taken  to  save  or  utilize  this  crude  paraffine,  but  it 
is  shoveled  out  of  the  derrick,  and  finally  softened  by  the  sun,  it  soaks 
into  the  ground. 

The  pulling  of  the  tubing  from  a  dry  hole,  i.  e.,  one  where  water 
does  not  stand  on  the  packer,  is  not  a  serious  matter.  Two  men  with  a 
good  engine  can  take  oat  and  put  back  the  tubing  in  half  a  day,  but  in 
the  Macksburg  field,  where  upon  the  pulling  of  the  packer  a  column  of 
heavier  salt-water,  1,000  feet  or  more  in  height,  will  be  thrown  at  once 
upon  the  oil-sand,  it  is  a  question  of  great  importance  whether  the 
tubing,  if  plugged,  can  be  pulled  without  greatly  injuring  the  well. 
There  have  been  but  a  very  few  wells  whose  tubing  has  been  reset,  and 
in  these  there  were  other  causes  which  might  have  prevented  their 
flowing  freely  afterward. 
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Pumping  Wells. 

Whenever  there  is  not  enough  gas  to  throw  the  oil  out  of  a  well,  it 
must  be  pumped.  This  is  the  case  in  the  Macksburg  field  with  wells 
obtaining  their  oil  from  sands  above  the  salt-water  sand. 

For  a  pumping-well  the  tubing  is  preferably  2  inch  to  give  space 
inside  for  the  pumping-rods,  or,  as  they  are  generally  called,  *' sucker- 
rods." 

The  pump  shown  on  plate  IV,  fig.  18,  with  a  portion  of  side  cut 
away,  showing  the  valves,  is  on  the  principle  of  the  ordinary  lifting- 
pump.  It  is  screwed  on  the  lower  end  of  the  tubing,  and  being  a  long 
cylinder,  forms  a  continuation  of  it.  The  rod  which  moves  the  upper 
valve  works  inside  the  tubing,  so  that  the  whole  apparatus  does  not 
take  up  any  more  space  in  the  well  than  the  pipe  for  flowing. 

A  packer  is  not  generally  used;  the  water  which  comes  in  from 
above  the  oil-sand  is  pumped  out  with  the  oil,  and  is  settled  out  and 
drawn  off  from  under  the  oil  in  the  tank.  An  ordinary  packer  can  be 
used  if  there  is  enough  gas  to  lift  the  valves.  There  is,  however,  a 
pumping-packer  made  expressly  to  shut  off  water  from  pumping-wells. 
This  packer  is  not  ''set  out"  by  che  weight  of  the  tubing,  but  slips 
loosely  on  the  tubing,  resting  when  in  use  upon  a  collar.  It  is  com- 
pressed by  a  line  of  smaller  pipe,  which  goes  down  by  the  side  of  the 
tubing  and  makes  a  direct  connection  through  the  packer.  This  shuts 
out  the  water  and  yet  allows  the  atmospheric  pressure  to  reach  the 
pump. 

When  the  water  comes  into  a  well,  especially  a  small  one,  in  notable 
quantity,  there  is  economy  in  shutting  it  off  by  one  of  these  means. 

The  pump-cylinder,  known  as  the  "working  barrel,"  is  made  of 
iron  or  brass,  is  three  and  one-half  or  five  feet  long,  and  one  and  three- 
fourth  inches  internal  diameter.    Ball   valves  are  used  exclusively. 

The  upper  and  lower  valves  may  be  either  single  or  double ;  that  is, 
one  ball  valve  is  placed  over  the  other,  so  that  if  one  ball  does  not  work 
the  other  may. 

The  upper  or  working  valve  is  packed  by  leather  cups  pressed  out 
for  that  purpose,  or  where  sand  is  very  troublesome  in  cutting  the  pack- 
ing, rope  cups  are  used.  The  screw  and  the  plunger-working  barrels 
are  largely  displacing  the  old  forms  of  pump,  because  of  the  greater 
length  of  time  during  which  they  can  be  used,  since  they  do  not  have 
any  cups  or  rope-packing  to  wear  out. 

The  tubing  for  a  pumping-well  is  inserted  in  the  same  manner  as 
for  a  flowing  well,  excepting  that  a  working  barrel  is  put  above  the 
anchor.  Instead,  however,  of  letting  it  stand  on  the  bottom  of  the  well, 
some  producers  preftsr  to  hang  the  tubing  from  the  casing-head  by  using 
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a  ring  which  catches  under  the  last  coupling  of  the  tubing,  and  rests 
upon  the  casing-head. 

After  the  tubing  is  all  in,  the  sucker-rods,  with  working-vaWe  on 
lower  end,  are  lowered  into  it.  The  sucker-rods  are  of  hard  wood,  octa- 
gonal or  round  cross-section,  l^inch  in  diameter,  and  are  20  to  25  feet  in 
length.  Some  producers  use  the  twisted  iron  rods,  as  taking  up  less 
room  in  the  tubing.  On  each  end  iron  joints  are  riveted  to  the  wooden 
rods,  and  steel  joints  welded  on  the  iron  by  which  the  rods  are  screwed 
together. 

On  the  upper  end  of  the  sucker-rods  is  put  the  polished  rod  which 
passes  through  a  stuffing-box  screwed  into  the  top  of  the  tubing.  The 
pipe  leading  to  the  tank  is  screwed  into  a  T,  just  below  the  stuffing-box. 
The  top  of  the  polished  rod  is  fastened  to  the  end  of  the  walking-beam 
by  an  adjuster  by  which  the  rods  can  be  lowered  or  taken  up,  bringing 
the  working-valve  to  its  proper  position. 

All  wells  are  pumped  by  the  oscillating  walking-beam,  but  there  is 
a  variety  of  ways  in  which  power  is  transmitted  to  it  from  the  engine. 
Formerly  every  well  had  its  boiler  and  engine,  and  man  to  attend  them, 
but  with  small  wells  and  cheap  oil  this  was  found  to  be  too  expensive, 
and  ways  of  pumping  several  wells  at  once  were  invented.  There  are 
three  methods  in  use,  by  which  one  man  can  pump  several ^elis,  located 
not  far  apart.  The  first  is  by  having  a  boiler  centrally  located,  and  from 
this  running  steam-pipes,  enclosed  in  plank-boxes  packed  with  saw- 
dust, to  an  engine  at  each  well.  This  is  the  plan  in  general  use  through- 
out the  Bradford,  Pa.,  field.  Its  disadvantages  are  the  cost  of  engine  and 
steam-pipe  and  the  loss  of  heat  by  radiation  in  the  long  steam  lines. 
It  has  the  advantage,  however,  that  the  rods  and  tubing  can  be  pulled 
at  any  time,  and  the  well  overhauled  as  the  engine  is  ready  in 
position. 

In  the  second  method  power  is  transmitted  to  the  walking-beams 
of  the  several  wells  from  one  engine  placed  near  the  boiler,  by  means  of 
long  rods  provided  with  suitable  angle-knees  for  changing  direction  of 
pull. 

The  engine  runs  an  oscillating  pull-wheel  which  gives  horizontal 
movement  to  the  rods  radiating  to  the  various  wells.  The  rods  are  sus- 
pended above  the  ground  at  suitable  distances  by  ropes  attached  to  the 
top  of  posts,  or  by  rocking-beams  resting  on  the  surface. 

The  pull-wheel  draws  the  rods  in  one  direction,  and  on  the  return 
oscillation  the  weight  of  the  sucker-rods  hanging  from  the  walking- 
beam  draws  them  back. 

This  is  the  method  in  use  at  Macksburg  ]  it  is  the  least  expensive. 
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As  for  rods  almost  any  long  stick  will  do,  such  as  old  sucker-rods,  poles, 
iron,  gas-pipe,  etc. 

The  third  method  is  in  general  use  in  West  Virginia,  where  the 
hills  are  so  steep  and  sharp  that  it  is  difficult  to  hang  and  counter- 
balance the  rods.  Here  an  endless  wire-rope,  usually  ^inch  diameter, 
running  continually  in  one  direction,  transmits  the  power  from  the 
engine  to  a  groove-wheel,  driving  the  walking-beam  of  each  well.  The 
rope  passes  from  the  large  groove-wheel,  nine  to  ten  feet  in  diameter,  in 
the  engine-house  out  overhead  to  the  groove-wheel  of  the  first  well,  then 
deflected  by  a  sheave,  five  feet  in  diameter,  runs  to  next  well,  and  so  on 
until  it  has  completed  the  circuit  of  eight  or  ten  wells  before  returning 
to  the  engine  house.  The  rope  is  supported  about  every  160  feet  by 
running  over  a  five-foot  sheave,  and  can  be  deflected  in  any  direction* 
Twenty-five  to  thirty  shallow  wells  are  thus  pumped  by  one  engine,  by 
having  three  or  four  independent  circuits,  each  with  its  wire-rope,  and 
pumping  first  one  lot  of  wells  for  a  few  hours,  then  another. 

Total  Cost. 

The  total  cost  of  a  flowing-well,  1,600  feet  deep,  at  Macksburg,  is 
estimated  as  follows: 

Big,  complete » $360 

Boiler,  20-hor8e-power 450 

Engine,  15-horBe-power 210 

Drilling,  1,600  feet,  at  75  cents  per  foot 1,200 

OasiDg,  head,  etc 250 

Tabing  and  pipe  to  tank,  1,700  feet,  at  18  cents 221 

Shot,  80  quarts,  at  $2,00  per  quart 1«0 

Tank,  250  barrels 100 

Teaming,  connections,  tank-cover,  etc 59 

Total $8,000 

Engine  and  boiler  can  be  sold  at 500 

Net  cost ..$2,500 

For  a  pumping- well,  add  about  $100  for  sucker-rods,  pump,  polished 
rod,  stufflng-box,  etc.  The  boiler  and  engine  must  be  left  at  well  for 
pumping,  or  power  obtained  in  one  of  the  ways  mentioned. 

Production. 

The  production  of  the  Macksburg  field  for  month  of  September,  1885, 
was  2,700  barrels  a  day  (42  gallons  to  barrel),  from  about  250  wells,  or 
an  average  of  a  little  more  than  11  barrels  a  well  a  day.  In  this  field  a 
well  is  rated  large  which  starts  flowing  at  200  or  260  barrels  per  day, 
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and  at  end  of  month,  or  so,  has  only  settled  to  50  or  75  barrels.  A  good 
well  should  flow  at  first  75  to  100  barrels  per  day  and  settle  to  15  or  25 
in  a  month  or  two.  One  which  starts  at  10  barrels  is  considered  poor, 
and  from  three  barrels  down,  a  "dry-hole". 

Valub  of  Production. 

Sales  of  production  are  not  frequent  and,  as  a  general  thing,  the 
prices  are  not  made  public,  but  $500  per  barrel  is  a  common  estimate ; 
that  is,  a  well  producing  5  barrels  a  day  would  sell  for  $2,500,  one  doing 
8  barrels  $4,000,  etc.  At  this  price,  a  well,  if  its  production  did  not 
decrease,  would  pay  for  itself  in  less  than  a  year  and  a  half,  at  Sl.OO  per 
barrel,  or  in  2  years  at  70  cents  per  barrel. 

The  amount  produced  by  a  well,  however,  is  constantly  decreasing ; 
when  the  well  is  new  the  falling  off  is  rapid,  but  after  a  few  weeks  it 
settles  to  a  flow,  which  from  the  few  old  wells  (down  8  to  12  months) 
is  nearly  uniform  irom  month  to  month.  If  the  falling  off  was,  say  5 
per  cent.,  a  month,  that  is,  each  month's  production  being  95  per  cent,  of 
the  previous  month,  a  well  at  this  price  would  pay  for  itself  in  3  years, 
or  at  $4.00  per  barrel,  in  two  years,  oil  being  at  a  dollar.  The  total  value 
of  the  field,  figured  on  this  basis  (only  $4.00  per  barrel),  is  over  a  million 
dollars,  or  an  average  of  about  $380  per  acre,  including  iron  and 
machinery. 

GBAVrt Y  OF  THE  OiL. 

As  is  generally  the  case,  the  oils  from  the  different  sands  differ  in 
color  and  gravity,  and  even  the  oils  from  wells  sunk  into  the  same  rock 
show  slight  variations. 

In  the  Macksburg  field  at  present  there  are  none  of  the  heavy 
gravity  oils  produced.  The  oils  from  the  pumping  wells,  all  in  the  so- 
called  ** 700-foot  sand,"  are  dark-green,  and  range  in  gravity  from  44**  to 
46**.  The  deep  oil  is  lighter  green,  almost  yellowish  in  tinge,  is  very 
clear  and  its  gravity,  contrary  to  what  is  usual,  is  greater  than  that  of 
the  shallow  oil,  the  fresh  oil  ranging  from  87**  to[41**,  varying  greatly  on 
account  of  the  gas. 

Tanks  at  Wblls. 

Each  new  well  is  provided  with  one,  sometimes  two  250-barrel 
wooden  tanks.  These  tanks  are  circular,  a  little  smaller  at  top  than 
at  bottom,  so  that  the  iron  hoops  can  be  driven  down  as  the  wood 
shrinks,  and  the  joints  begin  to  loosen.  The  staves  are  8  feet  long ; 
bottoms,  up  to  16  feet  diameter.    The  tanks  are  enclosed  in  rough  board 


MODE  OF   DBILLING  OIL-WELLS..  511 

houses  to  protect  them  from  the  weather,  and  as  an  additional  precaution 
against  rain-water  leaking  into  the  tank  and  injuring  the  oil  by  forma- 
tion of  B.  S.,  are  covered  with  a  deck  of  matched  boards. 

The  oil  flows  into  the  tank  through  the  cover  from  the  pipe  leading 
from  the  well.  Ten  inches  above  the  bottom  is  inserted  the  2-inch  pipe 
by  which  the  oil  is  run  out  into  the  line  of  the  transportation  company. 
Close  to  the  bottom  is  a  wooden  plug  to  let  out  any  water  coming  in 
with  the  oil  from  a  pumping-weil. 

In  cold  weather  the  oil  becomes  stifle,  and  to  thin  it  and  allow  the 
water  and  sediment  to  settle  out  it  must  be  heated  before  it  can  be  run 
into  the  line.  This  is  done  by  steaming,  best  by  a  steam  coil,  some- 
times, however,  by  blowing  steam  directly  into  the  oil  and  drawing  off 
the  condensed  water  below. 

After  the  well  has  settled  to  a  nearly  unvarying  daily  production, 
its  oil  is  usually  turned  into  the  same  tank  with  that  of  other  wells 
near  by  on  the  same  lease.  This  tank  is  placed  in  a  convenient  spot, 
usually  in  the  valley,  where  it  can  be  readily  inspected  and  steamed 
when  necessary.  There  is  an  advantage  in  running  the  oil  of  several 
email  wells  together,  in  that  the  tank  is  more  quickly  filled,  and  there 
is  consequently  less  loss  by  evaporation.  The  tanks  for  the  largest 
wells  and  for  the  production  of  several  wells  together  are  made  often  of 
capacity  of  600  barrels. 

When  a  tank  is  connected  to  the  pipe  line  of  the  transportation 
company,  and  each  time  afterward  that  its  hoops  are  driven,  it  is  care- 
fully measured  and  its  capacity  computed  for  each  one-eighth  inch  in 
depth.  Then  at  any  time,  by  measuring  with  a  stick  marked  off  into 
feet,  inches  and  fractions,  called  the  gauge-pole,  the  contents  of  the  tank 
can  be  known. 

From  this  way  of  measurement  it  has  become  customary  to  speak 
of  a  well's  production  in  inches.  In  ordinary  conversation  a  man  will 
eay  that  his  well  does  8,  6,  or  8  inches,  as  the  case  may  be,  the  inch 
being  understood,  unless  otherwise  stated,  to  mean  one  inch  in  depth  in 
a  250-barrel  tank,  which  is  about  two  and  one-half  barrels,  or  more 
exactly,  two  and  three-quarters  barrels  at  bottom  of  tank,  and  two  and 
one-quarter  at  top. 

Running  Oil. 

In  all  the  producing  districts  of  any  importance,  both  in  Pennsyl- 
vania and  New  York,  as  in  Ohio,  the  crude  oil  is  transported  from  the 
tanks  of  the  producers  to  those  of  the  refiners  by  pipe-lines  belonging 
almost  exclusively  to  one  large  corporation,  the  National  Transit  Co.,  a 
branch  of  the  great  Standard  monopoly.    The  pipe-lines  are  laid  from 
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each  tank  and  converging  toward  some  conveniently  located  pump- 
station,  usually  in  the  valley,  form  a  perfect  network  over  the  surface 
of  the  oil  country.  The  collecting  lines  are  all  two  inches  internal 
diameter.  On  the  pipe  close  to  the  tank  is  put  a  stop-cock,  which  is 
kept  closed  and  fastened  by  a  padlock  that  oil  may  not  be  run  back  into 
the  tank  or  the  line  tampered  with  by  mischievous  persons. 

These  lines  empty  into  iron  tanks  of  20,000  to  30,000  barrels  capa- 
city, located  near  the  pump-station.  When  a  producer's  tank  is  nearly 
full  he  notifies  the  agent  of  the  pipe-line  and  a  ganger  is  sent  to  run  the 
oil.  The  ganger  inspects  the  oils,  notes  the  temperature,  sees  that  water 
is  not  standing  in  the  tank  high  enough  to  get  into  the  line,  measures 
the  depth  of  oil,  then  opens  the  cock,  allowing  the  oil  to  run  out.  He 
then  walks  along  the  line  to  see  that  there  are  no  leaks,  down  to  the 
iron  tank  at  the  pump-station,  sees  that  the  oil  is  flowing  all  right, 
walks  back,  and  when  the  oil  in  the  tank  has  run  down  sufficiently, 
closes  and  locks  the  stop  cock,  again  measures  the  depth  of  oil  in  tank, 
gives  to  the  well-owner  or  person  in  charge  a  memorandum  of  thepe 
measurements  and  reports  them  at  the  office  of  the  line. 

If  the  oil  will  not  run  out  by  gravity  it  is  forced  out  by  a  little 
'^  donkey  "  steam-pump  belonging  to  the  pipe-line,  hauled  there  and  set 
up  each  time  near  the  tank,  or  the  oil  is  drawn  out  by  a  suction-pump 
permanently  located  at  the  pump-station. 

Oil  in  the  Line. 

When  the  producer's  oil  has  been  run  into  the  lines  of  the  National 
Transit  Co.,  the  exact  amount  is  calculated  from  the  ganger's  memoran- 
dum, allowance  made  for  sediment  and  temperature,  if  necessary,  and 
the  amount  is  credited  on  the  books  of  the  company  to  each  person 
having  an  ownership  in  the  oil;  that  is,  the  royalty,  usually  one-eighth, 
is  first  taken  out  and  placed  to  the  credit  of  the  owner  of  the  mineral 
right,  then  the  balance  distributed  in  the  designated  proportion  to  each 
individual,  if  several  parties  are  operating  together,  or  to  the  firm  as  a 
whole,  according  to  the  wishes  of  the  persons  interested.  The  oil  then 
becomes  part  of  the  general  stock  of  the  Transit  Co.,  and  the  credit 
balance  can  be  sold  or  transferred  at  any  time  at  its  then  market  value, 
which,  of  course,  is  constantly  fluctuating.  Before  it  can  be  transferred, 
however,  from  one  account  to  another,  all  charges  against  it  for  storac^e 
must  be  paid  either  in  money  or  in  its  equivalent  of  oil.  The  storage 
charge  is  $12.60  per  month  for  a  l,000barrel,  and  in  addition  to  this 
there  is  the  "general  average"  deduction  if  there  should  have  been  any 
loss  of  oil  by  fire  or  otherwise  during  the  time  the  account  was  open. 
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That  is,  whenever  an  iron  tank  is  burned,  or  by  other  accident,  as  by 
bursting  of  lines  and  tanks,  oil  is  lost,  the  amount  wasted  is  deducted 
pro  rata  from  each  account;  for  instance,  should  there  be  just  80,000,000 
barrels  of  oil  in  the  care  of  the  line,  and  a  tank  holding;:  80,000  barrels  is 
burned,  each  person  is  charged  at  the  rate  of  one  barrel  for  every  thou- 
sand to  his  credit. 

Iron  Tanks. 

The  large  iron  tanks  into  which  the  producer's  oil  first  flows,  are 
called  working-tanks.  They  are  usually  in  pairs;  when  one  is  full  the 
new  oil  is  turned  into  the  other,  the  first  being  meanwhile  gauged  and 
then  emptied.  From  the  working-tanks  the  oil  goes,|if  not  directly  to  the 
refineries,  to  storage-tanks  in  various  parts  of  the  country.  The  storage- 
tanks  are  similar  in  appearance  to  the  working-tanks,  ranging  in 
capacity  from  22,000  to  37,000  barrels.  All  of  these  iron  tanks  are 
cylindrical  in  form;  they  are  from  eighty-five  to  ninety-five  feet  in 
diameter,  with  sides  twenty-two  to  thirty  feet  high.  The  bottoms  are 
flat  and  rest  directly  upon  the  ground. 

To  build  an  iron  tank  a  circular  grade  is  plowed  and  scraped,  the 
firm  earth  very  carefully  leveled,  and  a  gutter  dug  to  keep  it  dry.  The 
bottom  plates  are  then  brought  onto  the  grade,  placed  in  their  proper 
position  upon  wooden  horses  or  trestles,  which  support  them  about  three 
feet  above  the  ground,  giving  space  for  the  workmen  to  get  under  while 
riveting. 

When  the  bottom  has  been  riveted,  caulked  and  inspected,  the 
angle-iron  put  on,  and  the  first  ring  of  plates  forming  the  side  firmly 
riveted  in  place,  the  partly-made  tank  is  loweried  onto  its  grade.  To  do 
this  the  workmen  go  under,  knock  off  the  legs  of  the  trestles  from  the 
centre  out,  leaving  the  tank-bottom  suspended  on  blocking  around  the 
edge.  Care  is  taken  to  remove  all  sticks  of  wood  under  the  tank,  and 
then  two  gangs  of  men  working  on  opposite  sides,  by  long  levers,  gradu- 
ally take  out  the  blocking  and  lower  the  tank  to  its  final  position.  The 
plates  to  form  the  second  ring  are  then  put  on,  then  the  third,  and  thus 
till  the  top  angle-iron  has  been  riveted  in  place.  According  to  their 
height  the  tanks  have  five,  six  or  seven  rings  of  plates,  the  iron  of  the 
lowest  ring  being  thickest,  each  ring  diminithing  in  weight  toward  the 
top,  the  plates  of  the  last  ring  and  those  of  the  bottom  being  of  equal 
gauge.  Bach  plate  of  the  side  is  a  little  over  four  feet  high  and  eight 
feet  long;  the  lowest  ring  weighs  filteen  pounds  to  the  square  foot. 
There  are  about  600  days'  iron- work  on  the  tank;  that  is,  a  gang  of  fifty 
men  can  put  one  up  in  two  weeks.  After  the  iron-workers  are  through 
33        G. 
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the  tank  is  turned  over  to  the  carpenters  to  build  the  roof.  The  roof  is 
conical,  with  rise  of  five  feet  from  circumference  to  center.  It  is  sup- 
ported independently  of  the  sides  upon  posts  standing  upon  planks  laid 
on  the  bottom  of  the  tank. 

The  roof-joists  run  radial  and  the  boards  concentric  to  the  tank,  so 
that  sector-shaped  panels  can  be  taken  out  at  a  time  when  necessary  to 
renew  the  roof.  This  board  roof  is  covered  by  sheet-iron,  lapped  and 
nailed  down  at  the  joints.  The  tank  is  provided  with  hatchways  in 
roof  and  wooden  steps  up  on  the  outride,  closed  about  half-way  up  by  a 
gate.    When  finished  the  tanks  are  painted  with  red  iron  paint. 

The  Macksburg  pipe-line  has  in  the  field  thirteen  iron  tanks,  with 
an  aggregate  capacity  of  over  300,000  barrels. 

Most  of  these  have  been  cut  down  and  brought  from  the  declining 
Pennsylvania  fields.  The  cost  of  the  tanks,  new,  in  Fall  of  1885,  was 
about  nineteen  cents  per  barrel  of  capacity;  old,  nine  to  ten  cents,  or 
for  a  new  25,000-barrel  tank,  $4,750,  and  an  old  one,  $2,500.  To  cut  down, 
ship,  and  reset  a  tank  of  this  size  costs  about  83,000,  there  being  some- 
times 200  days'  iron- work  in  patching  in  addition  to  the  other  labor. 

The  iron  tanks  are  measured  and  their  contents  estimated  for  each 
fraction  of  an  inch  in  depth,  allowance  being  made  for  the  liquid  dis- 
placed by  the  roof-supports.  There  are  usually  four  openings  in  the 
roof  through  which  the  gauge-rod  can  be  put,  so  that  if  the  bottom 
settles  somewhat  the  average  depth  can  be  taken.  All  the  tanks  are 
gauged  and  inspected  each  day. 

To  ascertain  the  condition  of  the  oil  at  various  depths,  since  it 
tends  to  separate  into  layers  in  the  tank,  an  instrument  called  a 
*'  thief"  is  used.  This  is  a  small  box  like  arrangement,  either  cylindri- 
cal or  square,  containing  one  or  more  compartments,  closed  by  tightly- 
fitting  doors  or  slide. 

It  is  lowered  open  into  the  tank  to  the  depth  at  which  a  sample  of 
the  oil  is  wished ;  when  it  is  full,  the  slide  is  closed  and  the  thief  is 
taken  out.  Usually  one  side  is  made  of  glass,  so  that  the  oil  can  be  seen 
directly.  By  using  a  long  thief  with  compartments  one  above  the  other, 
several  samples  can  be  taken  at  once.  In  this  way  the  formation  of  B. 
S.  is  detected  and  means  can  be  taken  to  prevent  it,  and  the  amount  of 
water  and  sediment  in  the  bottom  of  the  tank  can  be  accurately 
determined. 

Tbansportiko  the  Oil. 

From  the  storage-tanks  oil  is  transported  to  the  seaboard  or  inland 
refineries,  to  some  localities  wholly  by  pipe,  to  others  in  tank-cars  on 
the  railroads*    The  pumps,  by  which  the  oil  is  forced  from  place  to  place, 
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are  usually  duplex-plunger  Worthington's,  or  similar  styles.  The 
pressure  given  to  the  oil  by  these  pumps  is  frequently  up  to  1,500  pounds 
per  square  inch.  They  are  stationed  at  convenient  points  to  the  produ- 
cing field,  and  at  intervals  on  the  long  trunk-lines  which  lead  to  large 
cities.  The  pump-stations  are  comparatively  well-built  and  permanent, 
consisting  of  boiler-house,  engine  or  pump-house,  and  usually  a  machine- 
shop  for  repairing  the  pumps  and  cutting  pipe.  At  each  important 
station  the  pumps  are  duplicated,  so  that  if  one  pump  is  disabled,  or  its 
valves  need  repacking,  the  other  pump  can  be  used  at  once. 

For  railroaid  transportation,  the  well-known  cylindrical  tank-cars 
are  used.  These  hold  about  100  barrels  each ;  they  are  filled  through 
the  man-hole  in  top  of  dome,  and  emptied  by  a  valve  in  the  bottom. 
To  fill  the  tank-cars,  there  are  provided  what  are  known  as  loading-racks, 
usually  placed  near  the  pumping- station.  The  rack  consists  of  a  long 
wooden  trestle,  supporting  a  pipe  which  runs  parallel  to  the  switch- 
track,  upon  which  the  cars  are  run,  and  at  a  height  of  about  three  feet 
above  their  domes. 

From  this  pipe,  at  intervals  of  a  car  length,  branch  out  swing-pipes 
of  adjustable  length.  When  the  oil-train  is  run  alongside,  the  branches 
are  swung  out,  their  ends  inserted  into  the  domes  of  the  cars  and  the  oil 
allowed  to  flow  in,  thus  loading  the  whole  train  at  once. 

From  the  Macksburg  field  there  are  two  pipe-lines,  the  Macksburg 
Pipe  Line,  belonging  to  the  National  Transit  Co.,  having  a  three-inch 
line  to  Parkersburg,  and  the  two-inch  pipe  to  Lowell,  owned  by  Mr.  Geo. 
Bice.  The  Macksburg  Pipe  Line  handles  about  80  per  cent,  of  all  the 
oil ;  part  of  this,  probably  one-half,  is  pumped  directly  to  Parkersburg, 
and  the  balance  is  shipped  by  rail  to  Cleveland.  The  pump-station, 
iron  tanks  and  loading-rack  are  on  the  C.  &  M.  R.  B.,  near  Elba  station. 
There  are  two  line  pumps,  each  having  a  capacity  of  about  ninety 
barrels  per  hour  when  working,  against  a  resistance  of  900  pounds  to 
the  square  inch,  and  also  one  suction-pump  for  taking  the  oil  from  wells 
on  the  flats. 


CH^FTER   VIII. 

THE   TRANSPORTATION,  USES   AND   MODES   OP   USING 

NATURAL  GAS. 


Bt  £meb80n  McMilun. 


In  the  preceding  chapters  the  reader  has  been  told  of  the  geo- 
graphical locations  where  natural  gas  has  been  found ;  of  the  geological 
horizons  that  must  be  pierced  to  obtain  it;  of  its  probable  and  varied 
origin;  of  the  reservoirs  in  which  it  is  stored;  of  its  chemical  composi- 
tion, and  of  the  theories  that  should  probably  govern  in  the  location  of 
wells  bored  for  gas,  with  descriptions  and  illustrations  of  rigs,  power 
and  tools  used  in  the  search  for  natural  gas — the  great  desideratum  of 
almost  every  town  and  city  in  our  land. 

Wells  may  be  properly  located,  the  holes  successfully  drilled,  and  a 
flow  of  gas  obtained ;  but,  to  be  utilized,  the  gas  must  be  conducted 
through  lines  of  tubing,  from  the  casing  at  the  well  to  the  burner,  fire 
or  furnace,  where  it  is  to  be  consumed.  This  may  be  a  short  or  a  long 
distance ;  if  the  former,  probably  but  few  difficulties  will  be  encoun- 
tered; if  the  latter,  there  are  many  problems  to  solve  if  the  work  is  to 
be  done  expeditiously,  safely  and  cheaply. 

Systems  of  Tbansportation. 

The  earliest  system  of  tubing  or  piping  natural  gas  was  that  of 
bored  logs.  This  mode  has  been  practiced  in  the  Kanawha  Valley  for 
more  than  half  a  century.  The  logs  are  usually  cut  from  trees  twenty 
to  thirty  inches  in  circumference,  and  the  holes  bored  from  two  to  four 
inches  in  diameter,  and  from  end  to  end  through  the  center  of  the  log. 
The  sections  are  cut  from  six  to  ten  feet  long.  The  end  of  one  log  is 
tapered  to  a  spigot,  and  driven  into  the  reamedout  end  of  another  log. 
These  conduits  answered  their  purpose  quite  well  in  their  day,  but  the 
high-pressure  gas  from  wells  now  in  use  in  other  parts  of  the  country 
could  not  be  utilized  with  a  pipe-line  made  in  this  manner. 

Very  efficient  gas-pipes  for  conducting  manufactured  gas,  are  made 
in  places  in  the  state  of  Michigan,  by  boring  out  tamarack  logs,  which 
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are  afterwards  coated,  inside  and  out,  with  pitch  or  asphalt.  Twelve  or 
fifteen  years  ago  this  class  of  pipe  was  a  strong  competitor  of  cast-iron 
pipe  for  gas-mains.  The  great  reduction  in  the  cost  of  iron  pipe,  and 
the  uncertainty  attending  the  probable  duration  of  the  wood  pipe,  have 
caused  the  use  of  the  latter  to  be  almost  entirely  discontinued. 

Cast-iron  pipes,  in  sizes  above  two  inches,  are  used  almost  exclusively 
for  conveying  manufactured  gas.  This  remark  applies  to  the  United 
States,  and  to  most  other  countries.  The  French  engineers,  however^ 
especially  in  Paris — use  tubing  which  is  made  by  coating  heavily  with 
hydraulic  cement,  thin  sheet-iron,  bent  to  the  shape  and  size  desired. 
This  pipe  has  been  used  in  this  country  even  for  heavy-pressure  water- 
mains,  but  the  use  here  has  been  so  limited  that  an  opinion  as  to  its 
merits  cannot  be  given. 

Wrought  iron  tubing,  rolled  to  the  size  required,  is  now  being  used 
by  a  few  engineers  as  mains  lor  conveying  manufactured  gas. 

The  first  cost  is  greater  than  is  the  cost  of  cast-iron,  and  the  suppo- 
sition is  that  the  wrought-pipe  will  not  last  so  long. 

This  supposition  is  probably  correct ;  and  yet,  with  an  experience 
of  twenty  years,  chiefly  with  cast,  but  partly  with  wrought-iron  gas- 
mains,  I  have  never  seen  either  kind,  wrought  or  cast,  removed  because 
of  oxidation,  except  when  the  conditions  of  the  soil  were  unusual. 
Small  service-pipes  to  consumers  rust  out  quickly — in  seme  soils  in  less 
than  two  years — but  the  iron  of  the  small  pipe  is  very  thin,  and  a  little 
oxidation  will  go  through  it. 

The  iron  in  the  larger  pipes  is  thicker  and,  when  a  thin  coat  of 
oxide  is  formed  on  the  outside,  it  apparently  protects  the  burface  from 
further  oxidation.  Neither  wrought  nor  cast-pipe  conducting  gas  will 
oxidize  on  the  inside. 

The  high- pressure  pipes  in  use  in  and  about  the  city  of  Pittsburgh — 
the  present  center  of  natural  gas  utilization — ^are  almost  exclusively  of 
wrought-iron.  Many  miles,  however,  of  larger  sizes,  ten  to  twenty-four 
inches  in  diameter,  of  cast-iron  pipe  have  been  laid  in  that  city  during 
the  last  two  years.  This  cast-pipe  is  not  expected  to  carry  a  pressure 
exceeding  ten  pounds  per  square  inch.  By  enlarging  the  area  of  the 
cast-pipe,  and  by  properly  constructed  appliances,  to  be  described 
further  along,  the  pressure  is  reduced  from  200  pounds,  as  it  sometimes 
is  in  the  high- pressure  wrought-pipe,  to  ten  pounds  on  entering  the 
cast-pipe. 

Much  excitement  prevailed  in  and  about  Pittsburgh  during  the  year 
following  the  introduction  of  natural  gas,  growing  out  of  the  accidents 
that  occurred  through  defective  system  of  transportation.  The  escape 
of  the  gas — which  there  possesses  no  odor — oaused  houses  to  be  blown 
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up,  and  many  pOTSons  to  be  dangerouslj  injured,  and,  in  some  instances, 
causing  loss  of  life.  The  dangers  became  00  great  that  the  matter  was 
taken  into  Court,  and  an  effort  made  to  correct  the  eTiL  In  the  equity 
proceedings  between  the  city  of  Pittsburgh  and  the  Fuel  Gas  Company 
et  al.,  the  Court  appointed  a  Commission  of  five  intelligent  persons  to 
make  a  thorough  and  exhaustive  inrestigation  of  the  questions  in- 
volved. 

The  report  of  this  Commission  has  been  made  public,  and  it  imparts 
much  valuable  information.  The  parties  giving  testimony  before  the 
Commission  were  experts,  engineers,  pipe* layers,  chemists  and  me- 
chanics, and  the  testimony  given  was  oftentimes  of  the  most  confusing 
and  conflicting  character.  While  there  were  many  questions  of  detail 
to  be  settled  by  the  investigation,  there  were  two  principal  questions  to 
be  determined  that  transcended  all  others.  First,  how  high  a  pressure 
can  be  carried  in  the  pipes  without  endangering  life  and  property ;  and, 
second,  to  how  low  a  pressure  may  the  gas  be  reduced  without  increasing 
its  cost  beyond  the  point  where  a  profit,  commensurate  with  the  risk 
of  the  business,  can  be  made  on  the  money  invested. 

It  was  estimated,  at  the  time  of  the  investigation,  that  about 
60,000,000  feet  of  natural  gas  was  being  used  in  Pittsburgh  every  twenty- 
four  hours.    This  equaled  2,600,000  feet  every  hour. 

The  consumption,  however,  would  not  be  regular,  and  the  capacity 
of  the  supply-pipes  probably  had  to  be  equal  to  a  maximum  delivery  of 
5,000,000  feet  per  hour. 

The  testimony  before  the  Commission  indicated  that  experts  were 
inclined  to  believe  that,  respecting  pressure,  the  old  established  practice 
of  companies  supplying  manufactured  gas  ought  to  be  taken,  as  a  rule, 
for  the  government  of  the  natural  gas  companies.  The  Commission  did 
not  take  this  view  of  the  question,  but  advised  that  a  pressure,  not 
exceeding  ten  pounds  per  square  inch,  be  allowed  in  the  pipes  in  the 
city.  The  pipes  that  were  laid  for  transporting  natural  gas  in  the  city, 
previous  to  the  report  of  the  Commission,  were  not  laid  much,  if  any, 
below  a  depth  of  three  feet.  As  might  have  been  foreseen,  this  practice 
resulted — in  the  winter  season — to  an  almost  constant  disturbance  of 
the  pipes  by  frost,  with  enormous  leakage  and  frightful  destruction  of 
property,  and  even  loss  of  life.  The  apparent  necessity  for  a  better  and 
safer  system  for  transporting  this  dangerous  fluid  set  inventors  to  work, 
and  scores  of  plans  and  devices  have  been  suggested,  some  possessing 
merit,  but,  so  far,  none  seem  to  entirely  meet  all  phases  of  the  demand. 
Some  governors  of  great  value  have  been  invented.  They  control  the 
pressure  of  the  gas,  preventing  its  rising  above  the  desired  point  in  the 
pipes ;  and  if,  from  any  cause,  the  gas  ceases  to  flow,  and  the  fires  or. 
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light  are  extinguished,  the  gas  cannot  again  pass  into  the  premises 
without  its  being  turned  on  by  hand.  This  is  probably  the  most  useful 
invention  yet  brought  out  in  connection  with  the  question  of  natural 
gas  supply. 

To  prevent  leakage  at  joints,  many  plans  have  been  suggested. 

The  ends  of  wrought-pipes  have  been  faced,  and  the  threads  made 
long  enough,  so  that  the  pipes  butted  together  in  the  middle  of  the 
socket,  practically  making  a  ground-joint.  Another  plan  was  to  chamfer 
the  ends  of  the  pipes,  and  screw  them  in  against  a  gasket  of  lead  in 
the  center  of  the  socket.  Either  of  these  plans  would  doubtless  have 
given  a  tight  joint,  had  the  temperature  of  the  pipe  always  remained 
about  the  same  as  when  piit  down;  but,  at  the  shallow  depth  at  which 
the  pipes  were  laid,  the  joints  were  failures.  Screw-joints,  calked  with 
copper  wire,  also  failed  for  the  same  reason.  Had  these  joints  been 
made  with  the  pipe  at  about  40  degrees  temperature,  and  the  pipe  buried 
six  or  seven  feet  in  the  earth,  it  is  probable  that  they  would  have  been 
practically  tight,  even  at  200  pounds  pressure!  Pipe  should  not  be  laid 
in  long,  straight  lines,  but  should  form,  when  down,  a  slightly  wavy 
line  to  give  room  for  contraction  without  destruction  of  joints.  Much 
of  the  trouble  from  leaky  joints  has  been  attributed  to  the  variation  of 
the  pressure.  The  registering  sheets  show  this  to  be  constantly  varyii  g 
— generally  to  but  a  slight  degree,  but  occasionally  the  pressure  drops 
down  to  five  pounds,  and  then  suddenly  leaps  to  fifty  or  sixty  pounds 
per  square  inch.  This  change  of  pressure  cannot  cause  leakage  to  any 
great  extent,  with  any  of  the  joints  described.  The  increase  of  pressure 
must  give  an  increase  of  temperature,  and  that  in  turn  give  expansion 
of  the  pipes  and  a  consequent  tightening  of  the  joints. 

To  prevent  accidents  from  leakage,  various  contrivances  have  been 
tried.  One  company  in  Pittsburgh  laid  some  lines  of  pipe  the  usual 
depth  in  the  ground,  and  then  laid  a  clay  pipe  along  the  top  of  this 
pipe,  with  an  occasional  outlet  leading  to  and  up  through  a  lamp-post, 
where  a  light  was  kept  constantly  burning — the  idea  being  to  have  the 
gas  leaking  from  the  iron  pipes  to  follow  along  in  the  terra  cotta  pipe 
and  escape  at  the  lamp-post,  and  there  be  consumed.  This,  of  course 
did  not  prevent  leakage,  but  prevented  accidents  from  leakage.  Opin- 
ions difier  as  to  whether  this  plan  is  entitled  to  much  confidence,  the 
weight  of  opinion  seeming  to  be  against  it.  Another  plan  suggested  is 
that  of  laying  the  main  below  frost,  then  putting  a  sleeve  over  each 
joint  of  the  main,  and  this  sleeve  to  be  tapped  for,  say  a  three- 
quarter-inch  pipe,  and  this  pipe  to  be  attached  to  a  two-inch  pipe, 
running  parallel  to  and  lying  over  the  main  pipe,  the  upper  pipe  being 
buried  just  under  the  street  pavement.    The  gas  leaking  from  the  joint 
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would  enter  the  sleeve  Burrounding  it,  pass  up  the  small  pipe  into  the 
two-inch,  which  pipe  shall  have  stop-cocks  or  valves  between  the  joints, 
and,  by  the  aid  of  these  valves,  the  leaky  joint  can  be  quickly  located. 
The  objects  sought  to  be  accomplished  are,  first,  to  prevent  the  escape 
of  gas  into  cellars,  and  second,  to  be  able  to  locate  the  leaks  with  rapidity 
and  certainty,  with  the  minimum  disturbance  of  the  streets. 

Owing  to  the  difference  in  the  composition  of  the  gases,  that  which 
is  found  in  the  vicinity  of  Pittsburgh,  and  also  of  Findlay,  is  much 
more  difficult  to  transport,  without  leakage,  than  is  that  of  the  oil 
regions  of  Pennsylvania.  In  the  first  place,  its  specific  gravity  is  much 
less,  and,  second,  the  absence  of  oily  residuals,  which,  in  the  gas-oil 
regions,  aids  in  closing  up  the  small  interstices  of  the  pipes  and  joints. 
The  specific  gravity  of  the  Pittsburgh  gas  is  given  as  .557;  that  of 
Findlay,  Ohio,  at  .585,  and  that  of  Bradford,  Pennsylvania,  as  .850~air 
being  1.000. 

Measurements  of  Quantity,  etc. 

The  extensive  u.^e  of  natural  gas  at  the  present  time,  and  the  long 
distances  it  is  being  carried,  makes  the  question  of  a  convenient  formula 
for  calculating  the  flow  of  gases  through  pipes  one  of  much  importance. 
There  is  a  popular  rule  in  use  by  gas  managers  that  will  occasionally 
be  found  convenient  to  use  by  those  unable  to  calculate  accurately,  with 
the  formula  in  use  by  engineers,  the  sizes  of  pipe  required.  This 
general  rule  is,  that 

First.  The  discharge  of  gas  will  be  doubled  when  the  length  of 
pipe  is  only  one-fourth  of  any  given  length. 

Second.  The  discharge  of  gas  will  be  only  one-half  when  the  length 
of  pipe  is  increased  four  times. 

Third.  The  discharge  of  gas  will  be  doubled  by  the  application  of 
four  times  the  pressure. 

While  these  rules  are  good  enough  when  applied  to  the  short  dis- 
tances of  lengths  of  pipe,  and  to  the  slight  changes  of  pressure  that  occur 
in  the  distribution  of  manufactured  gas,  they  have  little  value  when 
applied  to  the  great  variations  in  length  of  pipe,  and  pressure,  that  are 
met  with  in  transporting  natural  gas. 

The  following  formula  is  in  general  use  for  calculating  the  discharge 
of  ^as  through  mains  : 

q=:qaantity  of  gas,  in  cubic  feet,  per  hoar. 
l=length  of  pipe  in  yards. 
d=diaineter  of  pipe  in  inches. 
h=pree8are,  in  inches,  of  water  (or  "  head ''). 
s=8pecific  gravity  of  gas— air  being  1. 
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q  =  1,350  d'X^^^ 

i.  e.,  multiply  the  pressure,  in  inches,  of  water,  by  the  diameter  of  the 
pipe,  also  in  inches;  divide  the  product  by  the  specific  gravity  of  the 
gas,  multiplied  by  the  length  of  the  pipe  in  yards;  extract  the  square 
root  of  the  quotient,  which  root,  multiplied  by  the  constant  quantity, 
1,350,  and  the  square  of  the  diameter  of  the  pipe  in  inches,  gives  the 
number  of  cubic  feet  discharged  in  one  hour.  * 

Example :  It  is  required  to  find  the  number  of  cubic  feet  of  gas,  of 
the  specific  gravity  of  57,  which  will  be  discharged  in  one  hour,  from  a 
pipe  six  inches  in  diameter  and  three  miles  (5,280  yards)  in  length, 
under  a  pressure  of  ten  pounds  per  square  inch.  This  pressure  equals, 
say,  276  inches,  or  the  pressure  given  by  a  column  of  water  276  inches 
high. 

Thus :     (h  d)  =  6  X  276  =  1,656. 

(yj^^  =  .57  X  5,26u)  =  l/^S^;  the  square  root  is  .74 

f  1,350  d«  ^^  =  ]  1,350  X  36  X  .74  =  85,964  cubic  feet  per  hour. 

To  make  this  as  clear  as  possible  to  the  non-technical- reader,  the 
example  will  be  still  further  explained. 

Thus:  h  (the  head  or  pressure)  =  276  inches;  this  multiplied  by 
6  (the  diameter,  in  inches,  of  the  pipe)  =  1,656;  this  divided  by  .57  (the 
Bpecific  gravity  of  the  gas),  multiplied  by  6,280  (the  number  of  yards 
in  three  miles),  =  .5502.  The  square  root  of  the  last  sum  equals  .74  X» 
and  this  times  1,350  (constant  quantity),  and  this  again  X  36  (the 
square  of  the  diameter  of  the  pipe)  =  35,964,  or  the  cubic  feet  of  gas 
discharged  per  hour. 

Second  example :  It  is  required  to  ascertain  the  quantity  of  gas,  of 
the  specific  gravity  of  .6,  which  will  be  discharged  through  a  pipe  8 
inches  in  diameter  and  10  miles  in  length,  under  the  initial  pressure  of 
75  pounds  per  square  inch.  Ten  miles  equals  17,600  yards,  and  75 
pounds  equals  2,070  inches  of  water  pressure,  or  head. 

Thus :    (h  d)  =  8  X  2,070  =  16,560. 

WITd  16,560    \  , , 

g— r  =  .6x17  600/  "^  1/1.5:477,  the  square  root  being  1.252. 

1,350  d»  ^^  =  1,350  X  64  X  1.252  =  108,172  cubic  feet  discharged 
per  hour. 

«  Recent  obgeiYationfi  on  natural  gas  Hnes  haTe  ahown,  as  ragKestcd  by  the  author  on  the  preced- 
ing page,  that  this  fonnula  Is  not  reli  ble  for  high-presBures  andlong  lines.  It  gives  too  low  results. 
Thl»  bubjec't  is  discussed  in  the  saoceediug  chapter.— £.  O. 
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Third  example:  Required  to  ascertain  the  quantity  of  gas,  of  the 
specific  gravity  of  .5,  that  will  be  discharged  through  a  pipe  10  inches 
in  diameter  and  30  miles  long,  under  an  initial  pressure  of  200  pounds 
per  square-inch.  Thirty  miles  equals  52,800  yards,  and  200  pounds 
pressure  equals  5,520  inches  of  water  head. 

Thus :    (h  d)  =  10  X  5,520  =  55,200. 

(Vfl  =  ."5Sx))==  l/2:u5u?,  the  square  root  being  1.44. 

(l,350  d»  yj^^  =  1,850  X  100  X  1.44=  194,400  cubic  feet,  or  the 

quantity  that  will  be  discharged  in  one  hour. 

Formula  for  ascertaining  pressure  required  for  the  discharge  of  a 
given  quantity  of  gas,  through  a  given  length  and  size  of  pipe : 

h=       q'"^       orh  =  q'X»X^ 
(1,800)''  a*,  1,850*  X  a» 

Fourth  example :  Required  to  ascertain  the  pressure  necessary  to 
pass  100,000  cubic  feet  per  hour,  through  eight  miles  (14,080)  yards  of 
6inch  pipe;  specific  gravity  of  gas,  .5. 

Thus :  100,000  X  100,000  =  10,000,000,000  X  .5  =  5,000,000,000  X 
14,080  =  70,400,000,000,000  -^  (1,350  X  1,350  X  7,776)  =  4,968  (nearly), 
the  pressure  required  (in  inches  of  water),  which  equals  180  pounds  per 
sqnare  inch. 

This  may  be  stated  thus : 

10.000.000000X.5X  14  080       .  n^o  •     i,  ica  i     •       i.-  u 
^^^>^,^^50o  X  7,776 =  ^^^^  ^^^^"''  ^'  ^^°  P^^^^^'  ^^  ^^^^*^ 

the  ten  billions  is  the  square  of  the  quantity,  the  decimal,  five,  the 
specific  gravity,  the  fourteen  thousand  and  eighty  the  length  of  pipe  in 
yards,  and  the  seven  thousand  seven  hundred  and  seventy-six  is  the 
fifth  power  of  the  diameter  of  the  pipe. 

Fifth  example:  Required  to  ascertain  the  pressure  necessary  to 
discharge  20,000  feet  of  gas  per  hour;  specific  gravity,  .58,  through  3,0u0 
feet  (1,000  yards)  of  3-inch  pipe.  Formula  same  as  for  preceding 
example. 

Thus :  20,000  X  20,000  =  400,000,000  X  .58  =  232,000,000  X  1,000  = 
232,000,000,000  -4-  (1,350  X  1,350  X  243)  =  524  inches,  or  18.9  pounds 
pressure. 

To  ascertain  the  diameter  of  a  pipe,  which  will  discharge  a  given 


TBANSPOBTATION  AND  USES  OF  GAS.  623 

quantity  of  gas,  through  a  given  length  of  pipe,  under  known  pressure, 
we  have  the  formula : 


=4. 


q*  Bl 


(1,350/  h 


Sixth  example :  Required  the  diameter  of  a  pipe  which  will  dis- 
charge 50,000  feet  of  gas  per  hour,  of  the  specific  gravity  of  .7,  through 
ten  miles  (17,600  yards)  of  pipe,  with  an  initial  pressure  of  eighty 
pounds  (2,138  inches). 

Th^,,      2.500 000.000  X  .7 X  17.600  ^  ^,—  _ 

1,52:^,600  X  2,208  ^  ''^*  —  ^     " 

60,000  X  50,000  =  2,500,000,000  X  .7  =  1.750.000,000  X  17,600  =  30,800,- 
000,000,000  -^  (1,350  X  1.360  X  2,136)  =  7,654,  which  equals  the  fifth 
power  of  six  inches,  the  required  diameter  of  the  pipe. 

In  gas  engineers'  hand-books  are  published  tables,  showing  the  dis- 
charge of  gas  through  pipes  ranging  in  size  from  a  half-inch  to  thirty- 
six  inches  in  diameter,  in  lengths  of  from  ten  yards  to  ten  thousand 
yards,  and  under  pressure  from  one-tenth  of  an  inch  to  four  inches. 
Believing  that  smaller  pipe  than  three  inches  should  not  be  used  for 
mains,  and  that  natural  gas  will  seldom  be  need  at  a  pressure  below  one 
inch,  the  discharge  of  gas  through  smaller  sizes  than  three-inch,  with 
less  pressure  than  one  inch,  will  not  be  given.  The  discharge  through 
larger  sizes  of  various  lengths,  and  at  different  pressures  up  to  2.5  inches, 
are  given. 

These  tables  are  calculated  on  the  basis  of  .400  for  the  specific 
gravity  of  the  gas,  which  is  less  than  the  specific  gravity  cf  any  natural 
gas  of  which  we  have  an  analysis.  The  quantity  of  gas  of  any  other  specific 
gravity,  which  will  be  discharged  in  one  hour,  niay  be  ascertained  by  multiplying 
the  quantity  indicated  in  the  table  by  .6325  (the  iquare  root  of  .400),  and  divid- 
ing by  (quare  root  of  the  specific  gravity  of  other  gas. 

The  quantity  that  wUl  be  discharged  aJt  any  other  pressure  may  be  ascer- 
tained by  multiplying  the  quantity  indicated  in  the  table  by  the  square  root  of  the 
neio  pressure,  and  dividing  by  the  square  root  of  the  pressure  given  in  the  tables. 

These  low  pressures  and  short  lengths  will  be  applicable  to  the  dis- 
tribution of  natural  gas  where  municipal  or  other  authorities  prohibit 
high-pressure  service  in  thickly  populated  portions  of  towns  and  cities. 
Even  these  low  pressures  are  higher  than  should  be  need  when  consum- 
ing gas  for  illumination.  Natural  gas,  as  usually  found,  being  of  low 
illuminating  power,  should  be  consumed  at  a  low  pressure,  and  a 
pressure  of  2.5  inches  is  probably  as  great  as  should  be  used  when  gas  is 
consumed  for  heating  purposes. 
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DiameUr  of  Pipe,  3  Ineha. 


Lenffth  in  vards 

100. 

260. 

600. 

1,000. 

Qaantity  discharged  in  cubic  feet,  per 
hour,  "with  1  inch  Dreasare 

8,817 
4,070 
4,702 
6,261 

2,102 
2,676 
2,966 
8,817 

1,482 
1,828 
2,102 
2,846 

1.062 
1,288 
1,482 
1,6S2 

Quantity  discharged  in  cubic  feet,  per 
honr.  with  1.6  inchea  nresaure 

Quantity  discharged  in  cubic  feet,  per 
hour,  with  2.0  inches  pressure 

Quantity  discharged  in  cubic  feet,  per 
hour,  with  2.6  inches  nreasure 

Diameter  of  Pipe,  4  Inche$, 


Lenfirth  in  vards.. 

100. 

260. 

600. 

1,000. 

Qaantity  delivered  in  cubic  feet,  per  hour, 
with  1  inch  pressure • 

6,826 

8,359 

9,665 

10,800 

4,820 
6,270 
6,091 
6,826 

8,046 
3,TO7 
4,820 
4,817 

2,160 
2,685 

Quaptitv  delivered  in  cubic  feet,  per  hour, 
with  1.6  inches  oressure 

Qaantity  delivered  in  cubic  feet,  per  hour, 
with  2.0  inchea  nreasure 

8,046 
8,418 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.5  inches  pressure 

DiameUr  of  Pipe,  6  Inehei. 


Length  in  yards... 

260. 

600. 

1,000. 

1,600. 

Quantity  deliver^' in  cubic  feet,  per  hour, 
with  1  inch  Dreasure ...» 

11,856 
14,680 
16,816 
18,808 

8,408 
10,808 
11,868 
18,268 

6,929 
7,290 
8,408 
9,880 

4,860 
6,970 
6,858 
7.679 

Quantity  delivered  in  cubic  feet»  per  hour, 
with  1.6  inchea  nreasure 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.0  inches  nreasure 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.5  inchea  nreasure 

TBAK8P0RTATI0N  AKD  USES  OF  GAS. 
Diameter  of  Pipe,  8  Ineha. 
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Length  in  yards 

260. 

600. 

1,000. 

1600. 

Qaantitv  delivered  in  enbic  feet,  per  hoar, 
with  I  inch  pres&ure • 

Qoantity  {delivered  in  cabic  feet,  per  hour, 
with  1.5  incheii  nremnre, * -,,..- 

24,366 
29,894 
34,660 
88,621 

17,280 
21,082 
24,366 
27,302 

12,182 
14,947 
17,280 
19,267 

9,900 
12,200 
14,088 
16,726 

Qaantitv  delivered  in  cubic  feet,  per  hour, 
with  2.0  inches  preasare ... 

Qaantitv  delivered  in  cubic  feet,  per  hour, 
with  «6  inches  pressure 

Diameter  of  Pipe^  lU  Inchn, 


Length  in  yards 

600. 

1,000. 

1,600. 

2,000. 

Quantibr  delivered  in  cubic  feet,  per  hour, 
with  1  inch  pressure 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  1.6  inches  nresanre.... 

30,106 
86,866 
42,660 
47,666 

21,330 
26,066 
80,106 
33,760 

17,400 
21,300 
24,670 
27,640 

15,060 
18,600 
21,300 
23,760 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.0  inches  nresaure • 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.6  inches  nressure 

DiameUr  of  Pipe,  12  Inehe$* 


I^ength  in  yards •••.••••.... 

600. 

1,000. 

1,600. 

2,000. 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  1  inch  pressure 

47,433 
68,320 
67,262 
76,238 

33,631 
41,212 
47,433 
63,071 

27,600 
33,600 
38,800 
43,351 

23,800 
29,260 
33,600 
37,619 

Quantity  delivered  in  cubic  feet,  per  hour 
with  1.6  inches  pressure 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.0  inches  nressure 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2.6  inches  nressure 

626 
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Diameter  of  Pipe,  16  Inehe$. 


Lenfflh  in  varda 

600. 

1.000. 

1,600. 

2,000. 

Qaantlty  delivered  in  cubic  feet,  per  hoar, 
with  1  inch  pressure 

Quantitv  delivered  in  cubic  feet,  per  hour, 
with  1  6  inches  nressure 

97,469 
119,677 
138,240 
164,483 

.  69,120 
84,326 
97,469 

109,209 

66,600 

.    69,120 

79,488 

89,164 

49,000 
60,100 
69,120 
77.068 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  x.O  inches  nressure 

Qasutity  delivered  in  cubic  feet,  per  hour, 
with  2  6  inches  pressure 

Diameter  of  Pipe,  20  IncheB, 


TjMitfiYk  in  vardfl - 

600. 

1.0C0. 

2,000. 

8,000. 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  1  inch  pressure 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  1.6  inches  nressure 

170,640 
208,980 
241,380 
270.000 

120,420 
147,420 
170,640 
190,620 

86,300 
102,300 
120,420 
136,000 

69,800 

86,300 

98,800 

110,200 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2  0  inchf^fl  nressure  t.-r^.-i.t - 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  2  6  inches  nressure 

Diameter  of  Pipe,  24  Indut. 


Iienffth  in  TardSk..... ••••• •. 

1,000. 

2,000. 

3,000. 

4,000. 

Quantity  discharged  in  cubic  feet,  per 
hnnr.  with  1.6  inched  nreewnre  .•.*.««..«.- 

284,781 
828,686 
867,770 
402,466 

201,000 
232,621 
260,091 
284,781 

166,000 
189,000 
218,000 
232,821 

142,000 
166,000 
184,000 
201,000 

Quantity  discharged  in  cnbic  feet,  pei 
hour,  with  2.0  inches  preesure 

Quantity  discharged  in  cubic  feet,  pei 
hnnr.  with  2.6  inches  preesure  ,«,,«.,.«. 

Quantity  discharged  in  cubic  feet,  pei 
hnnr.  with  8.0  inches  nressure  ........... 
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Lienflrth  in  vards 

4,000. 

6,000. 

7,500. 

10,000. 

Qaantity  diBchftrged  in  cubic  feet,  per 
honr  with  2  inches  oreaaure 

234,000 
263,000 
287,956 
831,695 

210,000 
234,000 
267,000 
298,000 

172,000 
192,000 
210,000 
243,000 

149,000 
166,000 
182,000 
210,000 

Quantity  discharged  in  cnbic  feet,  per 
honr  with  2  6  inches  nressure 

Quantity  discharged  in  cubic  feet,  per 
hour,  with  3.0  inches  pressure 

Quantity  discharged  in  cubic  feet,  pei 
hour,  with  4.0  inches  pressure 

Diameter  of  Pipe,  86  IncheB. 


Lenffth  in  varda 

1,0C0. 

3,000. 

5,000. 

10,000. 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  1  inch  pressure 

Quantity  delivered  in  cubic  feet, per  hour, 
with  2  inches  nressure 

530,000 

741,830 

908,042 

1,049,760 

303,000 
428,000 
524,880 
6a5,361 

234,000 
332,000 
407,000 
468,892 

166,000 
234,000 

Qnantitv  delivered  in  cubic  feet,  per  hour, 
with  3  inches  pressure ~ 

Quantity  delivered  in  cubic  feet,  per  hour, 
with  4  inehes  pressure 

288,ooa 

332,000 

Below  is  given  the  weight  and  cost  of  the  various  sizes  of  both 
wrought  and  cast-iron  pipe,  the  prices  being  about  those  prevailing  at 
this  time.  The  cost  of  excavating  and  back-filling  trenches,  where  the 
pipes  are  laid  not  lees  than  four  feet  deep,  will  be  from  ten  to  fifteen 
cents  per  lineal  foot,  depending  largely  upon  the  character  of  the  soil. 
If  the  back-filling  must  be  tamped  down  solid,  and  pavements  taken  up 
and  relaid,  the  cost  may  run  up  to  double  the  sums  named.  These  esti- 
mates are  for  laying  sizes  of  pipe  below  ten  inches  in  diameter.  The 
cost  of  trenching  for  ten-inch  and  larger,  will  be  increased  in  proportion 
to  the  area  of  the  cross-section  of  the  trench.  If  cast-iron  pipe  is  used, 
and  the  joints  made  with  lead,  the  cost'per  foot  for  lead,  yarn  and  labor, 
will  be  about  as  given  in  the  table  below.  The  cost  of  laying  wrought- 
iron  pipe,  where  the  joints  are  screwed  together,  is  quite  insignificant, 
aside  from  trenching  and  back-filling : 
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Wtight  of  Casi-Iron  Pipe. 

ll 

9  C 

i 

S.S 

Weight  of  12  ft. 
lengths  in 
poundp. 

Weight  of  1,C00 
feet  in  pounds. 

^1 

Weight  of  five 
miles  in 
pounds. 

Weight  of  ten 
miles  in 
pounds. 

8 

1 

160 

2,830 

18,800 

70,200 

851,000 

702,000 

4 

i 

208 

1,730 

17,800 

91,840 

456,700 

918,400 

6 

^^ 

860 

8,000 

30,C00 

158,400 

792,000 

1,584,000 

8 

* 

540 

4,500 

45,000 

237,600 

1,188,000 

2,376,000 

10 

A 

72/^ 

6,000 

60,000 

816,800 

1,584,000 

3,163,000 

12 

» 

1,000 

8,383 

83,333 

440,000 

2,200,000 

4,400,000 

16 

« 

1,465 

12,200 

122,000 

644,160 

3,220,800 

6,441,600 

20 

i 

1,980 

16,500 

165,000 

871,200 

4,356,000 

8,712,000 

24 

4 

2,700 

22.500 

225,000 

1,188,000 

5,9iO,00O 

11,880,000 

80 

1 

8,950 

82,900 

829,000 

1,787,000 

8,685,000 

17,370.000 

Weight  and  Chtt  of  l>ad,  Labor  and  Yam,  in  making  Joints, 


ll 

-S 

1 
ll 

.9 
§ 

li 

d 
•If 

i 

■al 
1^ 

.3 

M 

II 

a 

1 

|8 

1 

8 

a 

1 

•5 

.9 

1 

8 

4.0 

21 
2t 

U 
U 

2.75 

10 

S    25 

$2  00 
2  56 

$105 

4 

4.0 

.176 

400 

12 

32 

135 

6 

40 

2 

2 

.250 

7.00 

15 

50 

400 

212 

8 

4.0 

u 

2J 

.850 

10.50 

20 

75 

600 

318 

10 

4.5 

2t 

2J 

.60 

14.60 

25 

100 

800 

424 

12 

4.5 

2* 

21 

.70 

18.50 

80 

1  26 

10  00 

530 

16 

4.5 

2 

2J 

.80 

2850 

85 

170 

13  60 

720 

SO 

5. 

21 

2| 

1.20 

35.50 

40 

2  20 

17  60 

938 

24 

5. 

2 

8 

1.50 

48.00 

45 

2  93 

23  60 

1^50 

80 

5. 

U 

81 

1.80 

60.00 

50 

3  60 

28  80 

1,526 
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WfoughtrMmfk  Pip€* 

1^ 

i 

1 

ll 

15 

1. 

li 

is 

1 

H 
ll 

• 

H 

If 

2 

«i 

8 

«i 

4 

4i 

5 

6 

7 

S    08 

10 
16 
20 
26 
81 
37 
45 
56 
74 
1  02 
1  87 

1  76 

2  13 
240 

2  87 
8  83 

3  70 

9    14i 

16 
282 
872 
498 
60 
75 
90 
I  20 

.145 
.154 
.204 
.217 
.226 
.237 
.246 
.269 
.260 
.801 
.822 
.844 
.866 
^76 
.875 
.876 
.875 
.375 

Hi 
111 

6 
8 
6 
6 
8 
8 
6 
8 
8 
8 
6 
8 
8 
6 
8 
8 

2.68 

a6i 

6.74 
7.64 
9.00 
10.66 
12.34 
14.50 
18.76 
23.27 
28.18 
83.70 
40.06 
45.02 
49.00 
64.00 
66.00 
62.00 

8.04 

10.63 

17Ji2 

22.62 

27^ 

81.98 

87.02 

48.60 

66.28 

69.81 

84.54 

111.10 

120.18 

186.06 

147.00 

162.00 

174.00 

186.00 

18,080 

19,000 

80,270 

39,775 

47,520 

66,800 

65,150 

76,560 

99,000 

122,860 

148,800 

195,600 

211,500 

287,700 

258,720 

285,100 

806,200 

827,306 

6 

9 
10 

11 

12 

13 

14 

16 

When  we  confiider  that  an  average  of  more  than  ten  per  cent,  of 
the  gas  manufactured  by  gas  companies  is  lost  by  leakage,  and  that,  too^ 
when  the  pressure  used  ranges  only  from  three-quarters  to  four  inches 
of  water  column,  or  one-third  to  one  and  three-fourths  oe.  per  square 
inch,  we  must  expect,  under  any  circumstances,  even  where  the  best 
pattern  of  joints  are  made  with  the  greatest  care,  that  the  quantity  of 
leakage  under  the  heavy  pressure  of  natural  gas  wells  will  be  very  great 
--a  very  much  larger  quantity  per  mile  of  main  pipe,  though  generally 
a  smaller  per  cent.,  owing  to  the  graater  volume  that  will  be  passing 
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through  the  pipes  conyejing  natural,  than  those  cqnyejing  artificial 
gas. 

Cast-iron  pipes  for  the  conyejance  of  natural  gas  should  be  tested 
by  hydrostatic  pressure,  up  to  at  kast  300  pounds  pressure  on  the  square 
inch,  rapping  the  pipe  with  a  hammer  while  under  pressure.  The 
pipes  are  usually  cast  in  sections  of  twelye  feet,  exclusiye  of  the  bowl 
or  hub. 

Weight  of  cast-iron  pipe  may  be  calculated  by  the  following 
formula  : 

W==2.46  (D»— d»), 
where  D^oatside  diameter  of  pipe  in  inches ; 
d=inBide  diameter  of  pipe,  in  inches ; 
W=weight  of  a  lineal  foot  of,  pipe,  in  pounds. 

Example :  Required,  the  weight  of  one  foot  of  8-inch  pipe,  metal 
half-inch  thick.  Square  of  outside  diameter,  (9  inches  X  9  inches)=81 
inches,  less  square  of  inside  diameter  (8  inches  X  8  inches)=61  inches, 
=17,  X  constant,  2.45,=11.65,  or  the  weight  in  pounds  of  one  foot  of 
8-inch  pipe. 

The  bowls  in  cast-iron  pipe  are  usually  jnade  in  sizes  of  pipe  from 
8-inch  to  8-incb,  about  4  inches  deep ;  10  inch  to  20-inch-pipe,  4}  inches 
deep ;  20-inch  to  SOinch  pipe,  5  inches  deep.  The  space  for  calking 
between  outside  of  spigot,  and  inside  of  bowl,  is  about  three-eighths  of 
an  inch,  in  pipes  smaller  than  eight  inches,  and  one-half  inch  in  larger 
sizes.  The  weight  of  bead  on  spigot,  and  the  bowl,  will  about  equal  the 
weight  of  one  foot  of  pipe. 

The  ordinary  bowl  and  spigot-joint  for  gas- pipe  is  made  by  driy- 
ing  into  the  joint,  with  a  properly  constructed  calking-tool,  hemp  rope, 
until  the  space  is  from  one-fourth  to  three-fourths  filled.  Then  the 
remaining  space  is  poured  full  of  molten  lead,  which,  after  cooling,  is 
driyen  up  solid  with  a  setting-tool. 

The  depth  of  lead  should  be  increased  for  pressures  higher  than 
those  used  in  pipes  conyeying  manufactured  gas.  Many  good  gas  en- 
gineers make  joints  in  the  cast-iron  pipe  with  good  hydraulic  cement 
With  this  kind  of  joint  about  the  same  quantity  of  hemp-packing  is 
used  as  with  lead.  The  yarn  is  thoroughly  saturated  and  coated  with 
cement  mortar,  and  driyen  hard  into  the  bowl,  and  the  bowl  filled  in 
this  way  to  about  the  usual  depth — one-fourth  to  threefourths  of  the 
total  depth — and  then  the  remaining  space  is  filled  with  the  cement. 
In  a  few  hours  the  joint  is  tight,  and  will  withstand,  if  the  cement  used 
is  good,  more  pressure  than  the  pipe  itself.  The  cost  of  the  cement- 
joints  is  much  less  than  that  of  lead-joints. 

There  is  one  yery  serious  objection  to  this  mode  of  putting  together 
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gas-mains;  it  is  too  rigid;  there  is  no  room  for  expansion  and  contrac- 
tion ;  and  any  very  great  reduction  in  temperature  must  result  in  the 
breaking  of  the  pipe.  This  difficulty  may,  in  a  .great  measure,  be 
obviated  by  using  lead  in  every  fourth  or  fifth  joint,  which,  if  pipes  are 
laid  the  proper  depth,  will  give  room  for  possible  expansion  and  con- 
traction. 

While  cast  iron  can,  and  doubtless  will,  be  generally  used  for  low- 
pressure,  it  should  not  be  used  for  high-pressure  mains. 

To  convey  gas  under  a  pressure  of  fifty  to  two  hundred  and  fifty 
pounds  on  the  square  inch,  only  the  best  of  lap-welded  wrought-iron  or 
steel  pipes  should  be  used.  Where  the  threads  are  cut,  the  metal  should 
be  made  thick,  so  that  the  pipe  shall  not  be  reduced  in  strength  at  that 
point.  One  source  of  great  weakness  is  in  the  special  fittings;  they 
should  all  be  made  of  the  best  malleable-iron  or  steel,  and  very  much 
heavier  than  those  generally  found  in  the  market.  Not  even  the  best 
wrought-iron  or  steel  pipe  should  be  laid  without  having  been  first  sub- 
jected to  a  hydrostatic  pressure  up  to  at  least  four  times  as  great  as  any 
pressure  that  it  will  be  subjected  to  in  use. 

In  conveying  natural  gas  long  distances  under  high-pressure,  there 
should  be  two  or  more  lines  of  pipe,  connected  at  short  intervals,  with 
by-pass  valves.  Safety  or  blow-off  valves  should  be  attached  at  short 
intervals.  In  towns  and  cities  there  should  be  a  complete  net  work  of 
pipes,  with  valves  at  all  intersections  of  streets,  so  that,  in  case  of  breaks 
in  pipes,  or  accidents  of  any  kind,  a  section  of  the  line  can  be  thrown 
out  of  use  with  a  minimum  of  inconvenience  to  the  users  of  gas. 

The  Commission  at  Pittsburgh,  in  its  report  to  the  Court,  makes 
some  recommendations  which  we  feel  ought  to  be  given  a  place  in  this 
chapter :    They  say : 

*^  There  should  be  stop-valves  located  not  over  three  thousand  feet 
apart  on  all  high-pressure  mains,  so  that  a  line  can  be  shut  off  in  sec- 
tions, in  case  of  accident. 

**A  uniform  pressure  should  be  kept  on  each  line. 

''Each  high- pressure  feeder,  to  a  low-pressure  main,  should  have  an 
efficient  pressure-regulator,  and,  in  addition  thereto,  not  less  than  two 
blow-off  valves,  each  of  sufficient  capacity  to  relieve  the  line  of  any 
excess  of  pressure. 

'*A11  low-pressure  lines  should  be  connected  with  each  other,  and,  to 
the  high-pressure  mains,  in  such  a  manner  as  to  form  a  circuit.  If  the 
lines  are  connected  in  this  manner,  with  sufficient  feeders  from  the 
high-pressure  mains,  and  all  dead  ends  avoided,  the  pressure  we 
designate  in  the  next  finding  as  low-pressure  will,  in  our  opinion,  be 
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adequate  to  supply  all  possible  consuipers  of  gas,  except  the  large  manu- 
factories, which  are  provided  for  direct  from  high-pressure  mains. 

*^A  greater  pressure  than  ten  pounds  should  not  be  allowed  on  low- 
pressure  lines. 

'*In  each  public  building,  located  near  a  low-pressure  main  or  mains, 
a  mercury  gauge  should  be  placed,  connected  with  the  main  or  mains, 
and  open  at  all  reasonable  hours  to  the  inspection  of  citizens. 

**  All  tees,  angles,  gates,  etc.,  should  be  of  the  best  in  the  market, 
and  they,  and  all  sleeves,  should  be  covered  with  suitable  boxes  with 
perforated  covers." 

Manufactured  Fuel  Gas. 

It  is  a  common  remark  now  that,  should  natural  gas  fail  in  its  sup« 
ply,  the  vast  sums  of  money  invested  in  conducting  mains  will  not  be 
lost,  as  the  public,  in  many  localities,  will  have  become  so  accustomed 
to  the  use  of  gaseous  fuel  that  they  will  never  wholly  return  to  the  use 
of  solid  fuel,  and  that  fuel  gas  will  be  generated  from  the  slack  and 
waste  at  coal  mines,  and  be  conyeyed  through  the  mains  laid  for  convey- 
ing natural  gas  to  manufacturing  places,  and  for  domestic  use. 

In  this  connection,  numerous  ideas  are  being  insidiously  cultivated 
by  venders  of  patented  processes  for  making  fuel  gas. 

Pamphlets  are  circulated,  in  which  claims  are  made  respecting  the 
quantities  of  gas  that  can  be  made  from  refuse  coal,  that  have  scarcely 
a  semblance  of  truth  in  them.  The  writer  has  seen  published  state- 
ments, claiming  that  by  the  use  of  a  newly-discovered  process,  from 
100,000  to  200,000  (a  good  large  margin)  feet  of  IGcandle  illuminating 
gas  can  be  made  from  one  ton  (2,240  pounds)  of  coal.  Now,  when  we 
consider  that  100,000  feet  of  16-candle  gas  will  weigh  about  3,300  pounds, 
and  200,000  feet  6,600  pounds,  the  absurdity  of  these  statements  is  quite 
patent. 

Ltghtikg  Properties  of  Gas. 

So  far,  natural  gas,  outside  of  the  immediate  vicinity  of  oil  pools, 
has  not  been  successfully  used,  for  lighting  purposes,  without  enriching. 
That  it  has  been  used  for  illuminating  purposes  as  it  escapes  from  the 
earth,  is  well  known,  but  the  light  is  very  inferior,  being  less  than  half 
that  of  good  coal-gas. 

Much  time  and  money  have  been  spent  in  efforts  to  convert  the 
natural  gas,  by  carbonization  and  dissociation,  into  a  good  illuminant. 
So  far,  nearly  all  these  experiments  have  entirely  failed,  and  none  have 
been  more  than  partially  successful.    Almost  since  the  first  days  of  gaa- 
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lighting,  authorities  have  generally  conceded  that  the  li^ht  derived 
from  a  gas  is  due  to  the  heavy  hydrocarbons  present,  chiefly  from  C, 
H4.  Dr.  Frankland  attributed  aJl  the  light  of  coal-gas  to  three  com- 
pounds of  the  ethylene  series  of  gas,  viz.,  ethylene  (Cj  H4),  propylene 
(C,  H,),  and  butylene  (C*  Hg). 

He  contended  that  marsh-gas  (C  H4)  added  nothing  to  the  value  of 
gas  for  lighting  purposes,  and  that  whatever  diluent  was  used  to  carry 
the  olefiant  gas,  the  result  would  be  about  the  same. 

He,  however,  preferred  hydrogen  as  a  diluent,  because  of  the  innocu- 
ous character  of  the  product  of  combustion.  Dr.  Percy  P.  Frankland, 
son  of  the  earlier  investigator,  has  made  recent  and  more  thorough 
investigations  in  this  direction,  and  has  clearly  demonstrated  that  the 
quantity  of  light  emitted  from  a  gas- flame  is  materially  affected  by  the 
nature  or  composition  of  the  diluent;  and  of  the  three— hydrogen, 
carbon-monoxide  and  marsh  gas — the  latter  wcs  much  the  more  valuable. 
These  later  conclusions  are  substantiated  in  the  use  of  natural  gas, 
which,  in  the  vicinity  of  Pittsburgh,  is  almost  pure  marsh-gas  (CH4), 
with  no  ethylene  present,  and  yet  this  gives  light  of  about  eight 
candles,  or  about  half  of  common  coal-gas*  Dr.  Frankland  found  that, 
with  the  18-candle  gas  of  one  works,  the  ratio  of  illuminating  power  to 
ethylene  was  as  1.69  to  1,  while  in  the  case  of  16-candle  gas,  at  another 
works,  it  was  3.62  to  1 — a  difference  of  114  per  cent.  Acetylene  (Cj  H^  j 
is  supposed  to  be  present  in  very  small  quantity  in  coal-gas;  notwith- 
standing the  fact  that  it  is  present  in  such  small  proportions,  it  may, 
and  probably  does,  have  a  decided  influence  on  the  production  of  light 
— its  power  for  producing  light  being  much  above  that  of  ethylene. 
Compounds  of  the  benzene  (0^  H^)  series  are  also  present  in  coal-gas, 
and  notably  so  in.  the  natural  gas  of  Bradford,  Pa.  The  value  of  a 
molecule  of  benzene  for  illumination  is  supposed  to  be  six  times  as  great 
as  that  of  ethylene. 

Berthelot,  in  1875  and  1876,  claimed  to  have  ascertained  that  the 
gas  in  use  in  Paris  contained  no  less  than  3  to  3.5  per  cent,  of  benzene, 
out  of  a  total  of  3.7  per  cent  of  heavy  hydro-carbons. 

The  correctness  of  his  conclusions,  however,  has  been  seriously 
questioned.  Another  compound  generally  present  in  coal-gas,  distilled 
or  generated  at  high  temperatures,  is  naphthalene  (C^o  Hg). 

This  is  a  troublesome  compound  to  the  gas  manufacturer,  as  it 
seems  almost  impossible  to  prevent  it  forming  a  solid ;  and  it  is  gener- 
ally supposed  to  be  kept  in  a  liquid  or  gaseous  condition  only  in  the 
presence  of  other  forms  of  heavy  hydro-carbons. 

Now,  while  natural  gas,  ordinarily,  will  not  possess,  in  any  appre- 
ciable quantity,  any  of  these  heavy  hydro-carbons,  is  it  not  possible  that 
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they  are  formed  at  the  tip  of  the  gas-burner?  The  carbon-monoxide 
and  hydrogen  in  coal-gas  are  supposed  to  be  largely  consumed  in  the 
blue  part  of  the  coal-gas  flame,  and  their  combustion  generates  the  heat 
that  is  essential  to  bring  the  carbon  to  incandescence  above  the  blue 
flame,  and  from  this  incandescence  we  obtain  the  bright  light  rays. 
Natural  gas,  or  much  of  it  at  least,  contains  no  CO,  and  but  little  free 
H,  and  yet  the  blue  part  of  the  flame  is  larger  than  in  good  gas,  but  the 
lines  that  mark  the  boundary  of  the  luminous  and  the  non-luminous 
parts  of  the  flame  are  not  so  distinct  as  they  are  in  gas  of  high-illuminat- 
ing power.  May.it  not  be  that  dissociation  takes  place  near  the^ip  of 
the  burner,  a  portion  of  the  hydrogen  of  the  marsh-gas  being  set  free  to 
unite  with  oxygen  of  the  air,  producing  part  of  the  non-luminous  rays, 
and  higher  compounds  of  hydro-carbons  being  formed  by  the  remaining 
hydrogen  and  carbon?  It  may  be  said,  if  this  supposition  were  true,  as 
good  light  would  or  could  be  produced  from  marsh-gas  as  from  coal-gas. 
I  can  imagine  two  reasons  why  this  may  not  be  true :  First,  the 
dissociation  with  the  formation  of  new  hydro  carbon  compounds  may 
occur ^in  too  small  a  quantity  to  produce  the  best  results;  and,  second^ 
the  dissociation  is  a  cooling  process,  and  therefore  the  net  results  of  the 
combustion  is  a  lower  temperature— less  intensity  of  incandescence  than 
when  the  heavy  hydro-carbons  are  quickly  heated  by  carbon-monoxide 
and  free  hydrogen.  The  fact  that  the  illuminating  power  of  natural 
gas  is  greatly  enhanced  by  the  use  of  argand  burners,  lends  a  degree  of 
probability  to  the  second  reason  given.  It  is  claimed  for  the  natural 
gas  of  Bradford,  Pa.,  that  it  will  produce  a  light  of  only  ten  candles 
when  consumed  in  an  open  burner,  yet  when  consumed  in  an  argand  it 
gives  a  light  of  twenty-four  candles.  The  difierence  seems  very  great ; 
but  whatever  the  actual  difiference  is,  it  must  be  due  to  the  diflerence  of 
temperature. 

SVB9TI1UTES  FOR  NATURAL  GAS. 

That  the  supply  of  natural  gas  will  not  last  a  great  many  years 
seems  to  be  a  generally  accepted  idea  of  most  persons  who  have  given 
the  question  serious  consideration.  That  gaseous  fuel  from  some  source 
will  continue  to  be  extensively  used,  is  as  generally  conceded.  Should 
the  supply  of  natural  gas  gradually  fail  during  the  next  five  or  ten 
years,  the  failure  would,  doubtless,  bring  heavy  losses  to  many  individu- 
als, firms  and  corporations.  Still,  the  knowledge  gained  by  the  experi- 
ence during  those  years  would  greatly  benefit  the  public  in  general. 

A  very  large  per  cent,  of  the  operations  in  metallurgy  are  now 
made  by  the  aid  of  gaseous  fuel  generated  in  Siemens  and  other  produ- 
cer turnaoes.    The  great  saving  in  this  method  of  firing  over  that  o 
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the  direct  utilization  of  the  combuBtion  of  coal,  is  probably  due,  in  a 
Urge  degree,  to  the  utilization  of  the  waste  heat  in  the  regenerative 
chambers.  Fuel  gas,  however,  of  this  character — that  is,  made  by  the 
admission  of  air  to  the  incandescent  fuel — cannot  be  conducted  long 
distances,  except  at  an  expense  out  of  proportion  to  its  value  as  a  heat- 
producen  It  is  probable  that  a  mixture  of  what  is  probably  known  as 
coal-gas,  water-gas  and  producer-gas  will  be  the  fuel-gas  of  the  future 
for  domestic  use. 

While  there  are  many  processes  for  the  manufacture  of  water-gas 
that  are  in  a  measure  successful,  when  using  coke  or  anthracite  coal 
with  which  to  decompose  super-heated  steam,  yet  none  of  these  invented 
processes  have  been  wholly  successful  in  the  use  of  raw  bituminous  coal 
for  this  purpose.  So  long  as  coke  or  hard  coal  must  be  used,  water-gas 
alone  cannot  be  made  cheap  enough  to  become  a  competitor  of  direct 
firing  with  the  soft  coals  in  our  state. 

Comparative  Value  of  Gases. 

The  following  calculations  will  show  the  comparative  values  of  the 
four  gases — natural  gas,  coal-gas,  water-gas,  and  gases  from  a  Siemens  or 
other  producer-furnace.  We  will  assume  that  the  latter  gas  is  made 
from  the  piles  of  slack  coal  lying  in  such  vast  quantities  about  coal 
mines,  and  that  an  approximate  analysis  of  the  slack  would  show  it  to 
be  composed  of— 

Fixed  csrbon..... .« .••«...•.«... •*..'m«m*.« t««.«.. ••••••«.••  66  per  oenL 

Permanent  gas .« 15       *' 

Condensable  matter,  tar  aad  soot. ^ ^ 10       " 

Water ^.  10       ** 

Deducting  the  ash,  the  proportions  are  then,  by  weight — 

Fixed  carbon « .....««.^ 61.11  percent 

Volatilecombttfltible  matter 16.67       ** 

Water ^ « 11.11       ^ 

lar......... •••.••M....  •.•••...•  *...••«.......■  ......................................  fLXaXA 

The  last  three  compounds  will  pass  into  the  combustion-chamber 
in  a  measure  unchanged.  The  fixed  carbon  will  burn  to  carbonic  oxide 
and  carbonic  acid.  The  best  working  will  probably  not  convert  more 
than  50  out  of  the  61.11  per  cent,  to  carbonic  oxide«  Agatn^  the  best 
working  will  probably  fail  in  combining  all  the  oxygen  of  the  air  with 
the  carbon,  and  this  again  will  give  an  excess  of  nitrogen;  but,  exclud- 
ing these  excesses  of  deleterious  matter^  the  gas  from  the  producer  will 
then  ha  verbis  composition: 
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Carbon  monoxide -..•.^...•..•- — .»• - 82.09  per  cent. 

Carbon  dioxide 793       " 

Nitrogen ^ - - «1.8a       ** 

Illuminating  gas  (H,  CH*,  C^.  H^,  etc) ^ -  3.84       " 

Water  vapor - - «.  2.16       ** 

Tarry  vapor  and  soot ^ « ^...^ 2.16       '^ 

100.00       " 

The  value,  then,  of  each  of  the  foar  gases  that  are  now  used  being 
compared,  will  be,  in  heat  units  per  pound  of  gas: 


Natural  gas 

Common  coal  gas 

Water  9BS  ....m 

Siemens  furnace  gas. 


.^  24,19& 

...  22,968 

...  7,069 

-.•  1,957 


These  values  maj  appear  very  low  to  some  of  our  readers,  and  thi9 
may  need  some  explanation.  I  assume  that  if  water-gas  is  to  be  used 
for  heating  alone  it  would  not  be  purified  of  its  carbonic  acid,  and  I  as- 
sume that  it  would  be  used  at  an -average  temperature  of  60  Fahr.,  ai 
which  temperature  it  would  carry  about  1.5  per  cent,  of  water.  The 
same  quantity  of  water  would  exist  in-the  coal*gas.  The  calculations 
are  based  upon  the  following  composition  of  the  several  gases : 


Natural  gas  (Findlay). 

Coal  gas. 

Water  gas. 

Producer  gas^ 

Hydrogen 

Marsh  gas 

Carbonie  oxide.. 

Ethylene ^ 

Water  vapor - 

2.18 
92.60 
0.60 
081 
0.00 

8.61 
0.84 
0.20 
,  0.00 
0.00 

46.0 

40.0 

6.0 

4.0 

1.6 

0.6 

1.5 

0.5 

00.0 

000 

00.0 

45.0 

2.0 

45.0 

000 

1.5 

4.0 

2.0 

0.5 

00.0 

00.0 

00.0 

(In  illuminating  gas.) 

22.69 
(In  iHaminating  gas.) 
2l16 
7.98 

Nitrogen. •••••. M.. ....... ...... 

Oxygen — 

61.82 

(Not  considered.) 

0.00 

Illuminating  gas 

Tar,,  soot,  ete - .*.. 

8.24 

216 

100.00 

100.0 

lOOD 

100.00 

It  is  the  common  rule^  in  rating  the  value  of  any  fuel,  to  calculate 
the  weight  of  water  that  it  will  evaporate  from  a  temperature  of  212  de- 
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grees  Fahr.  In  making  calculations  given  above,  I  have  assumed  that, 
as  the  fuel  in  each  case  is  gaseoas,  no  excess  of  air  will  have  to  be 
brought  into  contact  with  the  gas  in  order  that  perfect  combustion  may 
be  obtained.  In  practice  it  is  found  that  about  20  per  cent,  excess  with 
gas,  and  100  per  cent,  excess  with  solid  fuel,  is  necessary.  It  is  probable 
that  a  greater  excess  would  be  required  to  burn  producer  than  to  effect 
complete  combustion  with  either  of  the  other  gases — this  in  consequence 
of  the  larger  per  cent,  of  nitrogen  that  it  contains. 

Again,  in  practice  it  is  possible  that  coal-gas  may  be  found  to  pos- 
sess advantages  over  either  of  the  other  gases,  and  in  a  way  that  will  not 
appear  in  a  theoretical  calculation. 

It  possesses  more  free  hydrogen,  and  will  therefore  ignite  at  a  lower 
temperature.  Much  of  the  ugly  black  smoke  that  it  seen  pouring  out 
of  smoke-stacks  attached  to  furnaces  of  steam-boilers  is  due  to  the  fact 
that,  when  the  gases  generated  from  the  coal  come  in  contact  with  the 
steam-boiler,  they  (the  gases)  are  cooled  below  their  point  of  ignition, 
and  therefore  escape  unconsumed. 

This  being  a  well-known  fact,  it  is  reasonable  to  suppose  that,  in 
practice,  the  gas  that  ignites  at  a  low  temperature  will  produce  better 
results,  other  things  being  equal,  than  a  gas  that  ignites  at  a  higher 
temperature. 

The  values,  in  heat-units,  assigned  to  the  several  gases  on  the  pre- 
ceding page,  were  based  on  their  comparison  by  weight.  A  comparison 
by  volume  will  make  a  different  showing. 

Leaving  off  unimportant  decimals,  the  specific  gravities  of  the 
several  gases  are  as  follows : 

Natural  gas  (Findlay) 570 

Coal  gas .400 

Water  gas .570 

Producer  gas 1.000 

Air 1.000 

As  natural  gas  has  usually  been  found  to  have  a  temperature  oi 
about  40  degrees  Fahr.,  the  comparisons  will  be  made  on  that  basis: 

One  thousand  feet  of  air,  at  40  degrees  Fahr.,  will  weigh  eighty  pounds ; 

Then,  1,000  feet  natural  gas,  specific  gravity,    .670  X  .80  =  45.6  pounds. 
«  "       coal  '*  "  .400X80  =  82.0 

«  "       water        «  "  .570X80  =  45.6       ". 

"       producer  *'  «         1.000X80  =  80.0 

Then,  natural    gas,  45.6  pounds  X  24,195  =  1,108,292  units. 

"  coal  "    82.0       "      X  22,968=    734,976      « 

"  water        "    45,6       "      X    7,069=    822,846      " 

«  producer  "    80.0       •<      X    1,957=    156,560     " 
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The  value  of  the  producer-gas  would  he  reduced  more  than  ten  per 
cent,  by  condensation,  if  the  gas  should  be  transported  any  considerable 
distance,  or  if  cooled  down  to  the  temperature  at  which  the  other  gases 
can  and  would  be  used. 

Still  another  mode  of  comparing  the  heating-power  of  the  several 
gases  may  be  used,  the  results  of  which  will  have  much  more  practical 
value  than  has  either  of  the  preceding  modes  of  comparisons. 

In  these  calculations  we  will  ignore  the  heat  lost  by  radiation,  as 
it  will  be  practically  the  same  in  each  case  (the  higher  the  temperature, 
however,  the  more  heat  lost  by  radiation.) 

We  will  assume  that  the  work  to  be  done  is  to  evaporate  water  at 
212  degrees  Fahr.  from  an  initial  temperature  of  60  degrees;  that  the 
air  entering  the  furnace  has  a  temperature  of  60  degrees,  and  that  the 
gases  escape  from  the  boiler  flues  to  the  stack  at  a  temperature  of  500 
degrees,  Fahr.  We  will  assume  that  an  excess  of  air,  equaling  20  per 
cent,  of  the  total  required  for  combustion  will  be  passed  through  the 
furnace. 

COHPOSITION  OF  NaTUBAL  6a8. 


Per  cent., 
by  volume. 


By  weight 


Hydrogen,  (H) 

Marsh  gaB,  (OHj) 

Carbonic  oxide,  (CO) 

defiant  gas,  (CsH^) 

Carbonic  acid,  vCOj) < 

Nitrogen,  (N) 

Oxygen,  (0) 

Hydrogen  sulphide,  (HjS) 


2.18 


100.00 


0.268 


0.60 

0.857 

0.81 

0.581 

0.26 

0.700 

8.61 

6.178 

0.84 

0666 

0.20 

0.417 

100.000 


Oxygen  will  be  required  for  the  complete  comboation  of  these  gases, 
as  follows: 
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Natural  gas. 

Oxygen 
reqaired. 

Keeultant  gases. 

Steam. 

COa. 

SO,. 

Nitrogen. 

H—               00268  V  8  — 

.02144 

86153a 

.00490 

.01821 

.02412 
2.03363 

""!ob684 

CH^-          .90883  X  4  = 

CO—            .00857X4—7=... 
r,H^—        .Oa'V31  X^^3  =..... 
CO*—            00700  V 

248553 
.01347 
.01668 
.00700 

N—                .06178  X 

.06178 

0—                .00666  X    

H,8-           .00417X1415  +  .. 

.00666 
.00589 

.00221 

.00786 

Totals...  1.00000 

Oxygen  20^  exceffi— .00666=... 
Oxygen,  4.40024  X  8.3  =  t< 

8.67242 

.72782 

14  52079 

4.40024 

2.06680 

2.62268 

.00785 

14.58257 

To  redace  the  reBults  of  the  combustion  of  one  pound  to  that  of 
1,000  cubic  feet,  we  will  multiply  the  several  footings  by  the  weight  of 
1,000  feet  of  the  gas,  thus : 

Steam 2.C6680  X  45  6      94.25  pounds. 

Carbonic  acid 2.62268X45.6  li9.^9       " 

Suiphuric  acid I..  .007a5  X  45.6      00J36       " 

Nitrogen- 14.58267X46.6  664.96       " 

Total  product 19.27990X45.6    879.16       " 

It  may  be  well  at  this  point  to  call  attention  to  the  fact  that  when 
pure  marsh-gaa  is  burnt  the  quantities  of  oxygen  entering  into  the  pro- 
duction of  steam,  and  that  entering  into  the  production  of  carbonic  acid, 
are  of  equal  weight,  the  oxygen  equaling  two  pounds  in  each  compound 
for  each  pound  of  gas  consumed,  and  aggregating  17C.06  pounds  for  every 
1,000  feet  of  gas  consumed;  that,  to  give  the  gas  an  excess  of  twenty 
per  cent.,  a  total  of  20.78  pounds  of  air  for  tach  pound  of  gas  will  be 
required;  this  equals  919.3  pounds,  or  11,491  feet  of  air  for  the  com- 
bustion of  1,000  feet  of  gas. 

Temperature  of  Combustion. 

To  ascertain  the  temperature  produced  by  the  combustion  of  1,000 
cubic  feet  of  Findlay  gas,  we  divide  the  total  heat  units  by  the  sums  of 
the  resultant  gases,  multiplied  by  their  specific  heat  : 

Steam.. 94  26  X  4750  44.768750 

Carbonic  add 119.59  a  2184  26.879276 

Sulphuric  acid 36  X  .«600  .090000 

Nitrogen 664.96  X  2440  162.250240 

879 16  X. 2650    22 
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The  total  heat  of  1,000  cubic  feet  of  natural  gas  of  the  composition 
as  shown  on  previous  page,  equals  1,103,292  units,  and  to  this  must  be 
added  the  heat  carried  in  by  the  aii  that  furnishes  the  oxygen  for  com- 
bustion, thus:  200  pounds  oxygen  X  specific  heat  (.218  X  GO®  tempera- 
ture) =  2*616  units,  and  661.96  pounds  nitrogen  X  its  specific  heat 
(.244  X  60°  temperature)  =  9,744;  total  heat  carried  in,  11,860  units, 
+  heat  of  combustion,  1,103,292,  1,116,162  -r-  233  =  4,786  degrees  Fahr. 

In  practice,  of  course,  no  such  temperature  would  be  attained,  for, 
as  before  stated,  all  loss  by  radiation  and  convection  is  ignored  in  the 
calculation. 

In  order  to  determine  how  much  water  can  be  evaporated,  at  212 
degrees,  from  a  temperature  of  sixty  degrees,  Fahr.,  we  must  multiply 
the  total  weight  of  the  gases  resulting  from  the  combustion,  viz.,  879.16 
pounds,  by  the  specific  heat  of  the  escaping  gas,  .2660,  which  gives  us 
233,  and  this  again  X  600,  which  represents  the  degrees  of  temperature 
of  the  gases  escaping  from  the  boiler  flues,  the  result  being  the  heat  lost, 
or  carried  away,  viz.,  116,600  units,  deducted  from  the  total  heat  of 
1,116,162  units,  leaves  998,662  units  for  work.  To  evaporate  one  pound 
of  water  at  212  degrees,  from  sixty  degrees,  requires  162  units,  plus  966, 
rendered  latent,  or  a  total  of  1,118  units.  Then  998,652  h-  1,118  =  893.26 
pounds  of  water;  or,  in  round  numbers,  1,000  feet  of  gas  will  produce 
heat  equivalent  to  that  required  to  evaporate  900  pounds  of  water. 

The  temperature  that  may  be  attained  by  the  combustion  of  coal- 
gas,  water-gas,  and  producer-gas,  and  their  value  for  evaporating  water, 
knay  be  calculated  in  the  same  way  as  was  that  of  natural  gas ;  but,  for 
the  purposes  of  this  work,  it  is  not  required  that  each  should  be  given 
in  detail ;  only  the  net  results  will  be  stated. 

The  composition  of  coal-gas  is : 


By  weight. 


By  volume. 


Hydrogen.. 

Marsh-gas.. 

Carbonic  oxide 
Olefiant  gas .. .. 

Water.. 

Oarbonic  acid... 

Nitrogen 

Oxygen 

Totals.... 


8.21 

46.00 

57.20 

40.00 

15.02 

6.00 

10.01 

4.00 

2.41 

1.50 

1.97 

0.50 

8.75 

1.50 

1.43 

0.50 

100.00 


100.00 
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The  oxygen  for  the  complete  comhustion  of  these  gases,  with  the 
resultant  products,  is  given  in  following  table  : 


Coal  gas. 


required. 


Resultant  gases. 


Steam. 


CO, 


SO2 


Nitrogen. 


H .0821 

CH4  - JS720 

OOa 1602 

CaH4  1001 

H,0 .0241 

COa .0197 

N 0876 

0 .0143 

1.0000 
For  20  per  cent,  excess  of  oxy- 
gen, .6748  —  .0148  = 

Totals- 


.6668 

2.2880 

.0868 

.8432 


.7389 
1.2870 


.1287 
.0241 


1.6780 
.2360 
.3146 


2.1674 

7.6604 

.2881 

1.1826 


.0197 


.0376 


.6606 


2.1797 


4.0343 


2.1787 


2.1433 


18.8607 


To  convert  the  above  totals  of  resultant  gases  into  figures,  represent- 
ing the  quantities  obtained  in  the  combustion  of  1,000  feet  of  the  gas, 
we  multiply  each  quantity  by  the  weight  of  1,000  cubic  feet  of  coal-gas, 
viz.,  32  pounds: 

Steam 2.1787X82=    69.7184 

Carbonic  acid 2.1438X82=    68.6866 

Nitrogen 13.3507  X  32  =  427.2224 

Total  product 17.6727X32=  666.6264 

Now,  as  has  been  previously  shown,  one  pound  of  coal-gas  will  pro- 
duce 22,968  units  of  heat;  then,  1,000  feet  will  produce  thirty-two  times 
that  quantity,  or  734,976  units,  and  to  this  we  will  add  the  heat  carried 
in  by  129  i)ounds  oxygen,  and  427  pounds  nitrogen,  at  sixty  degrees,  or 
7,920  units,  making  total  heat  742,896  units. 

5t>5  5  y   '^868  ^  ^^^f  ^^  possible  degrees  of  temi)erature. 

742  896 
162  -i-  966  ^  6^*^  pounds  water  evaporated  from  temperature  of  60°. 

742,896  —  81,092      ^^.  ,        ^  ...  ^  ^  . 
1 5i>  I  oKtf —  ==  ^^^  pounds  water  evaporated  from  a  temperature  of 
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60^,  with  products  of  combustion  escaping  at  a  temperature  of  500^, 
Fahr  : 

Composition  of  Water  Qas. 


Hydrogen 

Carbonic  oxide 

MarSh-gas 

Water- vapor  ... 
Carbonic  acid  . 

Nitrogen 

Oxygen 


Volume. 


Weight. 


45.00 

5.431 

45.00 

76.041 

2.00 

1.931 

1.50 

1630 

4.00 

10.628 

2.00 

3.380 

0.60 

0.966 

100.00 

100.00O 

The  following  table  shows  quantity  of  oxygen  required  for  complete 
coD&bustion,  and  the  quantity  of  resultant  gases,  including  20  per  cent, 
excess  of  air : 


Water  gas. 


H -  .05481 

CH4 .01981 

CO .76041 

H,0 -  .01630 

CO, -  .10622 

N - .08380 

O - 00965 

1.00000 
For  20  per  cent,  exceai  of  oxyicen, 
.18925  — .00965— 


Totals. 


Oxygen 
required, 


.43448 
.07724 
.43452 


.17960 


1.12584 


Beealtant  gases. 


Steam. 


.48979 
.04444 

.01630 


.65053 


CO,. 


.06310 
119493 

.10622 


1.35425 


Nitrog'n. 


1.43378 

J25489 

1.43392 


.08880 


3.74907 


Multiplying  the  resultant  gases  by  46.6,  the  weight  of  1,000  feet  of 
water-gas,  gives  us  the  results  of  the  combustion  *of  that  quantity  of 
gas: 
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Steam 66068  X  46.6  =   26.104168 

Oarbonicadd - 1.86426X45.6=   61.768800 

Nitrogen 8.74907  X  45.6  =  170957592 

Totolfl - 5.65886  X  45.6  —-  257.815660 

Heat  units  of  water-gas  =  322,346,  and  to  this  we  add  the  beat  of 
the  air,  3174  units,  which  gives  total  heat  of  326,520  units. 

*257  H  ^  26  "^  ^^^^  ^f  possible  temperature. 

325  520 
ifi*2  J-  *)rr  2^*^  ^'  pounds  of  water  evaporated  from  temperature  of  60**. 

325,620  —  32.500      ^^^  ^     r       *  *  ^  r  ^ 

>>   .   ^^^ —  =  262  pounds  of  water  evaporated  from  a  temperature 

of  60^,  Fahr.,  when  products  of  combustion  are  escaping  from  furnace 
at  a  temperature  of  600^,  Fahr. 

COMPOSITICN  OF   PboDUCEB  GaS. 

From  analysis  made  at  a  Pennsylvania  steel-works — gas  made  from 
anthracite  coal,  and,  therefore,  does  not  contain  illuminating  gases: 


Hydrogen 

Marsh-gas 

Carbonic  oxide . 

Water- vapor 

Oarbonic  acid  ... 
Nitrogen 


Prodncer-gas. 


H .00458 

CH4 .01881 

00 - 26095 

H,0 - .00686 

CO, 02617 

N ; .69418 

For  20  per  cent  ezceBS  of  oxygen 

Totals 


Oxygen 
required. 


.03664 
.07824 
.14891 


.08076 


StM» 


Besultant  gases. 


Steam. 


.04122 
.04122 

•  •A.M.....' 

.00686 


.08980 


CO,. 


.06084 
.89486 


.02517 


.47089 


Nitrog'n. 


.12091 
.24169 
.47490 


.69418 
.10161 


1.68814 
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This  gas  is  not  so  heavy  as  the  gas  made  from  soft  slack  coal,  and 
weighs  but  77.5  pounds  per  1,000  cubic  feet : 

Steam   .08«30  X  775  =     6921 

Carbonicacid - 47037X77.5=   86.466 

Nitrogen 1.63314  X  77.0  =  126.668 

2.19281  X  77.5'»  169.945 

This  producer-gas  generates  1,850  units  per  pound,  and  this  multi- 
plied by  77.5  pounds  gives  us  143,375  units  per  1,000  feet  of  gas;  and  to 
this  W8  add  the  heat  carried  in  by  95  pounds  of  air,  at  a  temperature 
of  60°,  Fahr.,  =  1,357  units,  making  a  total  heat  of  144,732  units. 

l"!)  V   2474  ^  M^l>  o'  possible  degrees  of  temperature. 

l5->  4-  \iiis  ~  ^^^'^  pounds  of  water  evaporated  from  temperature  of 

60*. 

144.732  —  16.029       ^.^^  j     r       *  ,Ar 
^ ,  .^            —  =  115.1  pounds  of  water  evaporated  from  a  tem- 
perature of  60°,  Fahr.,  with  waste  gases  escaping  from  furnace  at  a  tem- 
perature of  500^,  Fahr. 

From  the  foregoing  calculations  it  will  be  seen  that  the  value  of 
the  gases  for  evaporating  water  from  a  temperature  of  60°,  Fahr.,  when 
resulting-gases  are  escaping  at  500°,  Fahr.,  and  when  there  is  20  per 
cent,  excess  of  air  introduced  with  all  the  gases  (and  in  all  cases,  ignor- 
ing radiation),  is,  for  1,000  feet,  as  follows: 

Natural  gas  will  evaporate...... 893  pounds. 

Coal  gas         "  "       - 591       " 

Water  gas     "  "       - 262       " 

Producergas  "  "       « 115       « 

Uses. 

Natural  gas,  as  well  as  manufactured  gas,  can  be  used  for  almost 
any  purpose  for  which  solid  fuel  can  be  used.  The  reduction  of  metallif- 
erous ores,  especially  ores  of  iron,  is  perhaps  the  only  exception.  For 
this  purpose  it  fails,  probably  from  no  inherent  defector  lack  of  quality, 
but  from  the  fact  that  the  proper  apparatus  has  not  yet  been  invented 
by  the  employment  of  which  gaseous  fuel  can  be  used. 

In  the  blast-furnace  as  now  constructed,  the  ore  is  kept  separated 
and  prevented  from  forming  an  agglutinated  mass  impervious  to  blast 
by  the  solid  fuel  charcoal,  coke,  or  anthracite  coal. 

The  ore  does  not  escape  from  or  get  below  (in  the  normal  working 
of  a  blast-furnace)  the  solid  fuel  until  the  mineral  has  been  reduced  to 
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the  metallic  state  and  until  it  has  become  a  fluid  trickling  down  through 
the  fuel,  accumulating  in  a  molten  mass  below  where  the  air  blast 
enters  the  furnace. 

Many  futile  attempts  have  been  made  in  modern  days  to  work  ores 
direct  from  the  mineral  into  wrought- iron  or  steel.  In  most  of  these 
attempts  gaseous  fuel  could  have  been  used,  and  in  some  was  used  with 
advantage. 

The  composition  of  natural  gas,  however,  is  such  that  it  can  never 
be  used  for  the  reduction  of  iron  ore  with  the  same  advantage  that  it 
may  be  used  in  many  other  branches  of  the  iron  industry.  At  the 
temperature  of  melting  iron,  and  even  much  below  that,  the  iron  will 
decompose  steam,  forming  an  oxide  of  iron  and  free  h3'drogen.  This 
being  true,  it  follows  that  the  full  benefit  could  not  be  derived  from  the 
introduction  of  free  hydrogen  into  a  mass  of  fluid  metal,  or  where  it 
would  come  in  contact  with  highly  heated  and  partially  reduced  ores, 
or  with  incandescent  carbon  used  in  connection  with  gas. 

For  melting  steel,  for  heating  and  puddling  iron,  for  Ure  in  the 
manufacturing  of  glass,  for  raising  steam,  for  warming  residences,  busi- 
ness houses,  and  factories,  for  burning  lime,  and  for  almost  every  pur- 
pose for  which  futl  is  ever  used,  it  has  been  eminently  successful. 

For  all  the  purposes  mentioned  it  is  economical,  cleanly  and  desir- 
able from  almost  any  standpoint.  In  northwestern  Ohio  it  is  exten- 
sively used  for  lime-burning.  In  fact  it  is  believed  that  kilns  located 
outside  of  the  gas  belt  must  be  driven  to  a  suspension  or  abandonment 
of  the  business,  it  being  impossible  to  use  wood  for  fuel  in  competition 
with  gas. 

Cjoking. 

In  the  cities  of  Pittsburgh  and  Allegheny,  and  in  the  towns  of  that 
vicinity  there  are  thousands  of  residences  heated  by  gas  and  in  which 
the  cooking  is  done  by  the  aid  of  this  fuel. 

In  this  direction  it  is  perhaps  doing  more  to  cultivate  a  desire  for 
gaseous  fuel  than  in  any  of  the  numerous  other  uses  to  which  it  has 
been  applied.  Aside  from  its  great  convenience,  gas  is  superior  to  solid 
fuel  for  cooking.  There  is  an  erroneous  impression  prevailing  with 
many  who  have  not  had  experience  in  the  use  of  gas  for  cooking,  that 
food,  and  especially  meats,  cooked  with  this  fuel  tastes  of  the  gas.  This 
is  impossible,  unless  there  be  carelessness  in  its  use,  and  imperfect 
combustion  occurs. 

35  G. 
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Neither  natural  nor  manufactured  gas  contains  any  element  or  com- 
pound that  is  not  contained  in  coal,  but  these  gases  are  usually  free 
from  some  obnoxious  compounds  found  in  coal  or  generated  in  the  com- 
bustion of  coal,  such  as  phosphoric  acid  and  sulphydric  acid. 

The  waste  products  of  the  combustion  of  gas,  however,  should  not 
be  permitted  to  escape  in  the  room.  A  hood  placed  over  and  a  short 
distance  above  the  gas  stove,  and  attsched  to  a  flue  or  chimney  with 
a  fairly  good  draft  will  not  only  carry  off  the  burnt  gases,  but  also  the 
odors  rising  from  the  meats  and  vegetables  that  are  being  cooked. 

Gas  is  an  economical  fuel  with  which  to  cook,  for  two  reasons;  first, 
all  expense  for  fuel  will  cease  the  instant  the  cooking  is  completed,  and 
second,  in  the  matter  of  roasting.  Th^re  is  a  much  smaller  percentage 
of  was  e  in  meat  roasted  in  a  properly  constructed  gas  stove  than  occurs 
in  the  best  stoves  using  solid  fuel.  A  great  number  of  experiments 
made  a  few  years  age  in  London  by  a  committee  of  experts  demonstrated 
that  meat  roasted  by  the  best  gas  roasters  lost  but  ten  to  eleven  per 
cent,  of  weight,  that  is,  the  cooked  meat  weighed  ten  to  eleven  per  cent, 
less  than  did  the  raw  meat,  while  with  coal  heated  stoves  the  loss  in 
meat  ranged  from  twenty  to  twenty-five  per  cent.  This  last  item  alone 
would  go  a  long  way  toward  paying  the  additional  cost  of  gas  over  coal, 
if  in  fact,  any  additional  cost  occurs.  Natural  gas,  as  it  is  usually  sold, 
of  course,  is  very  much  cheaper  for  cooking  purposes  than  any  solid  fuel 
can  be. 

For  domestic  heating,  the  warming  of  residences,  natural  gas  has 
no  equal,  barring  possibly  the  slight  element  of  danger  attending 
its  use. 

There  are  devices  now  in  use  that  automatically  turn  on  and  off  the 
gas,  so  as  to  maintain  the  temperature  at  any  desired  degree.  These 
devices  are  so  sensitive  that  a  change  of  one  degree  in  temperature  will 
be  sufficient  to  cause  them  to  turn  off  or  put  on  more  gas,  as  may  be 
required  to  maintain  an  equable  taraperature  and  when  set  to  maintain 
the  temperature  of  a  room  at  70  degrees  Fahr.,  will  prevent  the  tem- 
perature of  that  room  falling  below  69  or  rising  above  70  degrees. 
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AND  THE  PIPING  OP  NATURAL  GAS, 


Columbus,  0.,  June  10,  1886. 

Dr.  Edward  Obton,  State  Geologist  of  Ohio: 

Dear  Sir  :  I  respectfally  give  below  the  results  of  the  investiga- 
tion requested  by  you,  of  means  most  feasible  for  measuring  the  discharge 
of  gas-wells. 

Sincerely  yours, 

S.  W.  Robinson. 


OH^FTER  IX. 

MEASUREMENT  OF  GAS  WELLS  AND  OTHER  GAS  STREAMS, 
AND  THE  PIPING  OF  NATURAL  GAS. 


By  Psor.  S.  W.  Robinson,  Ohio  Statb  Univkb'^ity. 


L    GAS-WELLS. 

Some  of  the  recently  bored  gas- wells  in  Ohio  are  discharging  gas  at 
too  high  a  rate  to  be  measured  conveniently  with  an  ordinary  gas 
anemometer,  since  the  delicacy  of  the  instrument  is  such  that  it  cannot 
stand  the  violence  of  the  current.  To  use  it  would  require  reduction  of 
velocity  by  increasing  the  diameter  of  the  stream  of  flov?ing  gas  from 
the  well.  This  may  be  done  by  means  of  flaring  tubes  fastened  to  the 
well-mouth,  which,  however,  is  attended  with  some  cost  and  trouble, 
the  avoidance  of  which  is  desira^  le.  To  this  end  I  was  invited  by  the 
State  Geologist,  Dr.  Edward  Orton,  to  consider  the  question  of  gas- well 
measurement. 

The  correct  measurement  of  such  a  gas  stream,  where  the  tempera- 
ture, density  and  velocity  are  all  unknown,  appeared  to  be  a  matter  of 
considerable  diflSculty,  even  when  the  anemometer  could  be  applied, 
because  that  instrument  could  make  known  only  one  of  the  unknown 
quantities,  viz.,  the  velocity.  The  density  being  still  unknown,  the  weight 
of  gas  discharged  per  minute  could  not  be  determined;  and  as  the  well- 
mouth  temperature  is  also  still  unknown,  the  density  at  that  tempera- 
ture cannot  be  calculated,  even  if  the  specific  gravity  of  the  gas  is 
known. 

Among  the  vari'^us  appliances  which  suggested  themselves  for 
application  was  the  Pitot's  tube,  a  shunt,  Bunsen's  elTusion  principle 
for  density  of  shunted  gas,  and  a  thermometer  enclosed  in  an  open  tube, 
nearly  closed  at  the  rear,  to  be  presented  as  is  the  Pitot's  tube. 

On  investigation,  the  Pitot's  tube  was  found  fo  give  the  value  of  the 
product  of  the  density  by  the  square  of  the  velocity.  Had  it  given  the 
density  and  velocity  both  to  the  Fame  exponent  in  the  product,  the 
weight  per  second  could  have  been  found  by  simply  multiplying  by  the 
area  of  the  well-mouth;  but  that  not  being  the  case,  it  was  necessary  to 
find  the  density,  or  the  specific  gravity  which  will  serve  as  well,  in  the 
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well-mouth,  either  directly  or  calculate  it  from  that  of  the  gas  at 
ordinary  conditioas.  Measuring  the  velocity  by  the  anemonreter  would 
serve,  but  the  use  of  this  instrument  was  what  was  to  be  avoided.  By 
using  the  shunt  of  known  area  of  mcuth,  and  storing  the  gas  for  a 
definite  time  of  flow  through  the  shunt,  the  gas  being  allowed  to  gain 
ordinary  conditions,  the  weight  or  volume  per  second  for  the  well  could 
be  found  from  the  shunt  alone  by  multiplying  the  weight  or  volume 
per  second  shunted  by  the  ratio  of  areas  of  well-mouth  and  shunt- 
mouth. 

This  shunt  device  was  therefore  considered  favorably,  until  some 
experimental  measures  were  made.  But  the  testing  of  the  devices 
showed  that  the  shunt  could  not  be  relied  upon  generally,  for  the  reason 
that  the  gas  sometimes  carries  oil  from  the  well,  which  oil  would  smut 
the  shunt  orifice  and  modify  to  an  unknown  degree,  the  effective  area 
of  the  shunt-mouth,  and  correspondingly  vitiate  the  results  in  such  cases. 
In  the  Pitot's  tube  tests  the  instrument  was  found  to  be  thoroughly 
reliable  for  what  it  gave,  regardless  of  the  heterogeneity  of  the  fluid 
flowing;  and  the  temperature  of  the  gas  could  be  estimated  with  some 
degree  of  approximation,  since  the  pipes  would  sometimes  freeze  the 
water  condensed  upon  them  and  sometimes  not,  at  all  the  wells  examined 
during  the  testing  of  the  instruments.  Also,  the  Pitot's  tube,  for  con- 
venience of  application  cannot  be  excelled,  as  the  completion  of  an 
observation  is  but  the  work  of  a  moment,  regardless  of  condition  of 
orifice.  The  encased  thermometer  was  not  applied  at  gas- wells,  though 
it  has  been  well  tested  in  connection  with  Westinghouse  air  apparatus. 

As  all  these  appliances  will  doubtless  be  found  useful  in  the 
measurement  of  the  streams  of  gas  from  gas-wells,  and  of  other  gas 
currents,  a  description  of  each  and  the  formulas  for  reduction  of  obser- 
vations wi^l  be  given. 

The  Pitot's  Tubb. 

This  tube  takes  its  name  from  the  inventor,  Pitot,  who  made  it 
known  to  the  French  Academy  of  Sciences  in  1732.  (See  Morin's 
'^Hydraulics,"  page  131.)  It  is  shown  in  all  its  simplicity  and  essential 
principles  in  fig.  1,  in  position  for  determining  the  velocity  of  a  current 
of.  water  flowing  along  its  bed  with  the  free  surface  at  6.  The  instru- 
ment, as  here  shown,  consists  simply  of  a  plain  piece  of  glass  tube,  L 
shaped,  placed  with  an  open  mouth,  a,  presented  directly  toward  the 
current,  while  the  other  end  reaches  above  the  surface  at  6.  Now,  when 
the  water  drives  against  the  open  end  a,  a  pressure  results  from  the 
impact,  which  causes  the  water  to  rise  in  the  branch  bc^  to  a  height  h, 
which  height  is  to  be  used  as  a  head  by  which,  in  some  way,  to  calculate 
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the  velocity.  Pitot  concluded  that  this  head  was  simply  that  due  to  the 
volocity  V  of  the  current,  eo  that  t?'  =  2gh^  where  g  is  the  acceleration  f  f 
gravity.  This  formula  is  that  for  falling  bodies,  and  also  that  for 
Torricelli's  theorem  for  the  velocity  of  issue  of  water  from  an  orifice. 

According  to  this,  when  water  is  flowing  from  an  opening  in  the 
side  of  a  tank,  if  the  mouth  of  the  Pitot's  tube,  somewhat  smaller  than 
the  jet,  be  presented  square  against  the  jet,  the  water  would  rise  in  the 
upright  branch  of  the  tube  just  to  the  level  of  the  surface  of  the  water 
in  the  tank.  This  simple  device,  therefore,  furnishes  us  a  very  handy 
means  for  finding  the  velocity  in  a  stream  of  water,  provided  the  instru* 
ment  is  reliable  for  accuracy. 


-a 


^m^^ 


For  over  one  hundred  years  after  its  discovery,  this  device,  so 
admirable  for  its  simplicity,  wias  regarded  more  for  curiosity  than  utility, 
and  it  was  believed  not  to  be  reliable  for  accuracy.  (See  D'Aubuisson's 
^'Hydraulics"  (Bennett's  translation),  page  158.)  But  about  I80O,  M. 
D'Arcy,  an  able  French  hydraulic  engineer,  seeing  in  the  Pilot's  tube 
the  rudiments  of  a  most  admirable  hydraulic  instrument  studied  it  with 
a  view  to  reducing  it  to  the  most  useful  form  and  design  for  practical 
purposes,  for  a  complete  description  of  which,  see  Morin's  **  Hydraul- 
ique,"  page  133.  The  main  features  of  this  form  consist  of  using  two 
tubes  side  by  side,  extending  from  some  distance  above  water  down  to 
desired  depth,  then  turning  horizontally  toward  the  current  to  where 
one  tube  terminated  in  a  small  mouth  of  one  millimeter  diameter  pre- 
sented direct,  while  the  second  tube  was  cut  to  a  long  slant  and  was 
joined  upon  the  side  of  the  first  so  as  to  form  a  smooth  and  converging 
exterior  surface.    Near  the  front  termination  of  the  second  tube  and 
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about  half  an  inch  back  from  the  open  mouth  of  the  first  tube  was  a 
small  hole  laterally.  The  top  ends  of  the  tubes  were  glass  and  con- 
nected across,  so  that  when  water  was  drawn  up  by  sucking  the  air 
partially  from  the  tubes  and  closing  a  cock,  the  columns  of  water  would 
stand  at  a  height  convenient  for  reading. 

The  instrument  was  thoroughly  tested,  and  instead  of  being  a  mere 
toy,  was  found  to  be  an  instrument  of  precision.  Also,  as  a  more  sur> 
prising  fact,  instead  of  requiring  a  large  and  varying  correction  factor, 
it  was  found  to  follow  Pitot's  originally  stated  principle  exactly,  viz., 
v^=2ghj  where  h  is  the  difierenc  of  level  of  the  tops  of  the  two  columns. 

From  the  fact  that  it  has  been  so  little  used,  it  is  believed  that  this 
Pitot's  tube  appliance  has  been  regarded  as  too  simple  to  be  reliable, 
whereas,  its  simplicity,  instead  of  condemning  it,  should  have  commend- 
ed it  so  far  as  to  give  it  rnore  trials  than  it  has  had,  which,  when  thus 
tried,  it  is  certain  would  gain  a  high  place  in  the  estimation  of  the  in- 
vestigator. 

A  further  modification  in  form  and  design  of  this  instrument  was 
made  in  1877,  a  full  description  of  which  was  given  in  Van  Nostrand's 
Magazine,  in  Vol.  XVIII. 

About  1873,  some  interesting  experiments  were  made  by  the  writer 
on  the  use  of  the  Pitot's  tube  for  the  determination  of  the  velocity  and 
form  of  jets  of  air  from  orifices  under  a  head  of  two  to  four  inches  of 
water,  which  experiments,  as  far  as  known  to  me,  were  the  first  in  the 
application  of  Pitot's  tube  to  gases.  Orifices  of  one  inch  and  two  inches 
diameter  were  employed.  The  Pitot's  tube,  in  this  case,  consisted  of  a 
glass  tube  about  two  feet  in  length,  bent  twice  at  one  end  for  an  inverted 
U  water  manometer,  while  the  other  end  was  drawn  out  into  a  fine  point 
or  mouth,  of  about  five-thousandths  of  an  inch  diameter.  The  instru- 
ment was  mounted  on  a  slide  so  as  to  be  moved  by  scale,  either  across  or 
lengthwise  the  jet.  It  is  seen  that  by  this  arrangement  the  precise  form 
of  the  longitudinal  section  of  the  jet,  and  its  velocity  at  any  point  of 
any  cross-section  could  be  made  out.  The  stream  was  found  to  have  a 
vena  i:ontracta  much  a»in  water  jets,  though  shorter,  and  a  velocity  which 
varied  from  side  to  side  in  carrjing  the  instrument  across  the  jet,  the 
maximum  being  at  the  middle,  and  very  considerably  higher  than  that 
at  the  side. 

Most  of  the  particulars  respecting  the  jet  are  given  ia  fig.  2,  for  the 
two-inch  orifice  AB,  beveled  to  a  sharp  inner  edge.  The  contracted  sec- 
tion is  near  CD,  and  the  length  of  the  vena  contracta  is  about  a  fourth  of 
the  diameter  of  the  orifice,  whereas,  in  water-jets,  it  is  about  a  half  to 
two  third?.  The  diameter  of  the  jet  is  given  for  every  fourth  of  an  inch 
for  the  first  inch,  and  then  for  the  half  inches.    At  twelve  inches  from 
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the  orifice,  the  jet  was  four  and  a  quarter  inches  in  diameter.  EF  is  the 
velocity  curve,  the  velocities  varying  from  95  to  122  feet  per  second 
through  the  orifice,  with  the  water  manometer  varying  from  two  to> 
three  and  six-tenths  inches. 

The  most  remarkable  thing  observed  at  this  time  was  the  fact  that 
when  the  mouth  of  the  instrument  was  extended  some  three  or  four 
inches  into  the  tank  by  reaching  the  long  neck  provided  on  this  Pilot's 
tube  in  through  the  orifice  of  issue  of  air  under  experiment,  the  pressure 
for  which  position  being,  of  course,  that  of  the  interior,  and  then  drawn 
slowly  outward  along  near  the  middle  of  jet,  until  the  mouth  of  the 
Pilot's  tube  had  reached  a  distance  of  one  or  two  inches  outside  the  plane 
of  orifice  of^  issue,  the  pressure  indicated  by  the  manometer  was  all  the 
while  precisely  the  same,  the  current  through  the  orifice  being  all  the 
while  unobstructed.  Here  it  seems  certain  that  for  mouth  of  tube  with- 
in the  tank  the  pressure  by  tube  manometer  is  almost  entirely  statical, 
because  the  current  here  must  be  slight,  and  that  at  the  outside  of  the 
plane  of  orifice  the  preBSure  indicated  must  be  dynamic,  or  due  to  im- 
pact of  air  against  end  of  tube  mouth,  and  also  that  between  these 
points  there  must  have  been  a  mixture  of  static  and  dynamic  pressure. 
This  strikingly  illustrates  the  fact  that  as  the  internal  pressure  of  a 
particle  of  fluid  diminishes,  the  stored  energy  increases,  and  that  as  the 
potential  energy  due  to  the  pressure  falls,  the  actual  energy  of  motion 
rises,  the  sum  of  the  two  being  a  constant,  for  particles  of  fluid  flowing 
through  a  frictionless  orifice  from  a  higher  to  a  lower  pressure.  It  also 
proves  that  the  Pitot  tube  will  exactly  indicate  a  pressure  or  head  due 
to  velocity,  when  the  statical  pressure  is  eliminated,  as  done  in  the 
D'Arcy  form  of  instrument.  This  form  is  that  proper  for  use  interme-^ 
diate  along  a  pipe  or  conduit  carrying  water,  compressed  air,  or  gas  a 
considerable  distance  where  there  will  be  a  considerable  amount  of  stati- 
cal pressure  in  the  fluid.  The  latter  will  be  eliminated  in  the  D'Arcy 
form  of  instrument  by  the  lateral  orifice,  the  difierence  between  the 
pressure  there  and  at  the  front  orifice  being  the  dynamic  pressure  from 
which  to  find  the  velocity  of  fluid. 

The  general  app'ication  of  the  Pitot  tube  to  all  fluids  will  involve 
consideration  of  variation  of  density  of  fluid  under  flow,  so  that  formu- 
las for  invariable  and  also  variable  density  will  be  required.  For  elastic 
fluids,  the  density  will  always  vary,  though,  for  many  cases,  the  varia- 
tion will  be  so  slight  that  it  may  be  neglected.  Thus,  at  gas- wells,  when 
A  =  4  inches  of  water,  the  absolute  pressure  of  the  atmosphere  into 
which  the  gas  flows  is  about  400  inches,  the  variation  of  pressure  being 
only  one  per  cent.,  while  in  the  Karg  well,  where  the  pressure  gauge  of 
the  Pitot's  tube  goes  up  to  fifteen  pounds  per  square  inch  (one  atmoc^ 
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phere),  the  density  will  fall  nearly  100  per  cent,  in  expanding  from  the 
tube-mouth  to  the  atmosphere. 

For  low-pressures,  the  apparatus  shown  in  fig.  3  will  serve  where  A 
is  the  well-mouth  or  other  orifice;  BB,  the  Pitot  tube;  C,  a  piece  of 
rubber  hose ;  D,  a  glass  tube ;  E,  a  second  piece  of  rubber ;  and  F,  a  sec- 
ond glass  tube.  Now,  fiUinp  the  part  DEF  with  water  from  D  to  F,  then 
it  is  plain  that  a^  a  pressure  is  caused  at  B  by  impact  of  gas  from  the 
well,  it  will  be  transmitted  to  D,  depressing  D  and  rai;<ing  F,  giving  a 


diflference  of  level  DF  =  h  =  — .- 

^9 


(1) 
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By  making  E  of  some  three  feet  length,  the  glass  tubes  can  be  raised, 
F  above  D,  as  required  for  greater  or  less  values  of  h.  When  h  exoeeds 
three  or  four  feet,  it  will  be  advisable  to  use  a  pressure  gauge  on  the  end 
of  B,  as  shown  in  fig.  4.  In  use,  it  is  advisable  to  pass  the  mouth  of  B 
to  all  portions  of  the  well  opening,  and  thus  average  for  the  sectioa. 

If  it  be  suspected  that  there  be  a  residual  statical  pressure  in  the 
gas  at  the  mouth  of  the  tube  B,  it  may  be  tested  and  eliminated,  if 
existing  by  using  a  double  tip  of  B,  with  a  direct  and  a  lateral  opening, 
one  connected  to  the  pressure  side  D,  and  the  other  to  the  vacuum  side 
F,  of  the  pressure  measuring  device.  But  according  to  all  the  best 
authorities  on  flow  of  gases  through  orifices,  such  as  Weisbach,  Rankine, 
Zeuner,  etc.,  the  internal  residual  statical  pressure  of  a  jet,  on  entering 
the  atmosphere,  or  generally  on  flowing  from  a  higher  to  a  lower 


pressure,  becomes  the  latter  as  soon  as,  or  very  soon  after  the  plane  of 
the  orifice  is  passed.  This  fact  is  verified  by  placing  the  mouth  end  of 
B  at  right  angles  to  and  within  the  jet,  when  no  appreciable  pressvre 
will  be  indicated. 

The  theory  of  the  instrument  for  the  case  of  great  fall  of  pressure  in 
flow  of  elastic  fluids  will  be  reassured,  if  even  support  is  unnecessary, 
by  citation  of  experiments  recently  made  in  flow  of  air  from  a  receiver 
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at  twenty  to  forty  pounds  per  square-inch,  through  an  orifice,  to  the 
atmosphere.  Air  was  pumped  into  a  Westinghouse  air  brake  reservoir 
to  about  forty  pounds,  and  allowed  to  escape  through  a  quarter-inch 
orifice  beveled  from  the  outside  to  the  plane  of  the  inside  surface,  thus 
securing  the  conditions  of  an  orifice  in  a  thin  partition,  or  very  nearly  a 
theoretical  orifice.  An  accurate  presbu re  gauge,  graduated  pound  by 
pound,  was  placed  upon  the  receiver.  A  second  gauge,  duplicate  of  the 
first,  was  put  on  the  Pitot  tube,  the  mouth  of  which  was  0.065-inch  in 
diameter.  The  orifice  was  opened,  and  into  the  air-stream  the  mouth  of 
the  Pitot's  tube  was  placed,  and  the  pressure  of  the  two  gauges  noted 
simultaneously  as  the  air  escaped,  and  the  pressure  run  down.    The 


:b^. 


gauges  kept  exactly  together,"  as  long  as  the  Pitot  tube-mouth  was  fairly 
within  the  current  and  not  over  one  and  a  half  diameters  of  orifice  dis- 
tant from  the  orifice. 

Three  other  like  experiments  were  made  and  noted,  the  figures  for 
which  are  given  in  the  following  table.  The  mouth  of  the  Pitot  tube,  in 
each  case,  reached  about  an  inch  into  the  receiver,  and  then  was  with- 
drawn step  by  step,  as  the  pressures  were  noted,  the  note  "  at  orifice," 
meaning  that  the  tube-mouth  was  at  the  plane  of  orifice,  and  **^''  out," 
meaning  one-eighth  inch  outside  of  plane  of  orifice,  but  always  in  the  jet. 


556 


GEOLOGY    OF    OHIO. 


Tabls  of  Siuultaneous  Rkcsivxb  and  Pitot  Tubb  Prkbsubes. 


First  experiment 

Second  experiment 

Third  experiment - 

1 

OS 

1 

i 

8 

OS 

1 

> 
8 

i2 

80 

29J 
34 

m 
m 

m 

27} 

24i 

21 

20 

17 

..1 

26i 

24 

21 

19i 

16i 

14 

...••..•••••••••   ••■ 

28 

26 

22} 

20J 

18 

16i 

27J 
24J 
22} 
20} 
16} 
18 

S6} 

24 

At  orifice, 
r  ont. 

1//       « 

a//     M 

At  orifice. 

22 

20 
18 

At  orifice. 
Out 

}"  oat 

1//      u 

These  figures  show  that  the  pressure  in  the  receiver  and  that  in  the 
Pitot  tube  agree  with  practical  exactness^,  as  the  mouth  of  the  Pitot 
tube  U  withdrawn  from  the  position  extended  an  inch  within  until  the 
mouth  is  over  one-eighth  inch  outside  (a  diameter  by  other  experiments 
and  probably  the  same  here,  viz.,  one-fourth  inch) ;  and  that  when  the 
tube-mouth  is  four  diameters  outside,  its  pressure  is  up  to  three  fourths 
that  of  the  receiver.  Besides  this,  in  determinations  of  tube-pressure 
at  gas-wells,  it  was  found  that  the  same  pressure  was  got  whenever  the 
mouth  of  the  tube  ranged  within  a  diametei  of  well-mouth  in  distance 
from  it. 

In  the  above  experiments  the  jet  of  air  was  forced  direct  and  iifquare 
against  the  Pitot  tube-mouth  when  outside,  so  that  the  cause  of  the 
pressure  was  wholly  dynamic,  and  not  at  all  static;  that  is,  that  at 
po  nts  just  in  front  of  the  orifice,  there  is  no  residual  statical  pressure. 
Experiments  were  made  to  test  this  point  by  making  a  D'Arcy  form  of 
double-mouth  Pitot  tube,  one  mouth  being  direct  as  before,  and  the 
other  on  the  side  of  the  tip,  as  shown  in  fig.  5,  at  A  and  B,  respectively. 
Small  holes  were  drilled  back  from  the  mouths  A  and  B,  and  entirely 
independent  of  each  other  and  connected  at  the  rear,  one  with  one 
standard  gauge  at  C,  and  the  other  with  another  at  D,  ail  combined  into 
a  portable  device. 
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P 


i 


IFig,  5 


Now,  the  mouth  A  will  communicate  the  pressure  due  to  direct 
impact,  while  at  B,  the  moving  fluid  will  tend  to  move  straight  by,  and 
will  cause  no  action  at  B,  except  for  the  lateral  statical  pressure  of  the 
jet  at  the  point  B,  as  concluded  by  D'Arcy  for  his  improved  tube  for 
gauging  streams  of  water. 

This  tip  AB,  fig.  5,  was  inserted  to  some  distance  through  the  orifice 
into  the  receiver  and  then  withdrawn,  step  by  step,  until  some  distance 
outside;  and  the  indications  by  both  gauges  noted  simultaneous^ly  at 
the  steps,  wh^re  the  tip  was  held  steady  for  a  few  seconds. 

When  AB  is  within  the  receiver,  the  two  gauges  should,  of  course, 
indicate  nearly  the  same,  while,  when  outside,  the  gauge  f  r  B  should 
stand  at  zero.    Results  of  test  are  given  in  the  following  table . 

In  examining  this  table,  consider  the  third  experiment,  for  instance. 
When  the  side-mouth  B  was  a  quarter  of  an  inch  inside  the  receiver, 
the  gauge  for  that  mouth  indicated  23  pounds  per  square  inch,  while  the 
gauge  for  the  direct  mouth,  A,  indicated  22  pounds.  When  B  was  at  the 
plane  of  the  orifice  its  gauge  stood  at  20,  and  that  for  A  at  1 9  pound«.  For 
Bj^inch  outside  the  plane  of  the  orifice,  its  gauge  stood  at  15  pound?,  and 
that  for  A  at  17  pounds.  Again,  for  B,  ^-inch  outside,  its  gauge  stood  at 
zero,  while  that  for  A  stood  at  16  pounds ;  the  lateral  pressure,  or  statical 
pressure,  of  jet  vanishing  entirely  within  the  space  of  a  sixteenth  of  an 
inch,  which  space  lies  about  at  the  terminus  of  the  vena  contracla^  or 
about  at  CD,  fig.  2. 
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Tablb  of  Simultaneous  Direct  and  Side-Mouth  Pitot  Tube  Pbessubes,  to  Test  fob 

Statical  pRinsuRB  of  Jet. 


Distance  of  side  outlet  from 
plane  of  orifice. 


Inside,  |  inch.. 

U  1        t( 

"    J  "  .. 


At  orifice 

Out,  tV^QcIi  . 

"   4    "    . 
«    1     « 


Pressure  by  gauge  connected  with  mouth. 


First 
experiment. 


Direct  Side. 


24 
22 
20 
17 


14 
12 


21 

18 


Second 
experiment 


Direct.  Side. 


26 
24 
22 
20 


19 
15 


27 
25 
23 
19 


Third 
experiment. 


Direct  Side, 


22 
20 
19 
17 
16 
14 


23 

20 

16 

0 

0 


Fourth 
experiment. 


Direct.  Side. 


21 
20 
18 
16 
15 


22 

19 

13 

0 

0 


Hence,  the  two  gauges  practically  agree  within  the  receiver,  and 
that  for  B  falling  from  agreement  with  A,  at  the  plane  of  the  orifice,  to 
zero  at  the  contracted  section ;  at  which  latter  section,  therefore,  there 
is  no  residual  statical  pressure.  In  cases  where  there  is  no  vena  contractor 
as  for  the  cylindrical  ajutage,  for  instance,  or  the  mouth  of  cylindric 
pipes,  there  can  be  no  residual  statical  pressure  at  the  plane  of  the  exit 
mouth,  the  contracted  section  in  this  case. 

The  fall  of  pressure  from  22  to  14  for  the  direct  mouth  A  of  the 
third  experiment,  was  not  due  to  the  withdrawal  of  the  tube  from  the 
receiver,  nor  in  any  other  experiment ;  but  the  fall  was  owing  to  the 
exhaustion  of  the  receiver  of  air  on  account  of  the  flow ;  the  pump  not 
being  able  to  maintain  pressure. 

From  all  the  above  facts  of  experiment  for  high  and  low-pressures, 
we  are  forced  to  the  conclusion  that  the  Pitot  tube  is  a  thoroughly  relia* 
ble  instrument  for  determining  the  pressure  or  dynamic  head  to  which 
the  velocity  of  flow  is  due,  and  that  the  original  notions  announced  by 
Pitot  respecting  the  relation  of  velocity  and  head  are  rigorously  sub- 
stantiated, not  only  for  flowing  water,  as  he  announced,  or  even  other 
liquids,  but  for  all  kinds  of  fluids,  elastic  as  well  as  inelastic,  except, 
possibly,  for  viscous  fluids,  like  molasses  or  tar. 

It  appears,  then,  that  in  calculating  the  velocity  of  flow  from  a  re- 
ceiver, the  pressure  to  be  used  for  head  may  just  as  well  be  taken  from 
the  Pitot  tube  as  from  the  receiver  direct,  and  the  same  formula  is  to  be 
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used  for  the  one  as  for  the  other.  Hence,  where  there  is  no  receiver  to 
gauge  from,  we  may  proceed  with  the  Pitot  tube. 

Velocity  Under  Small  Pressures. 

To  calculate  the  velocity  of  fljw  for  fluids  where  the  change  of 
density  during  flow  can  be  neglected,  we  employ  the  formula  of  Pitot,. 
but  for  gases  the  head  h  must  be  found  on  the  supposition  that  h  is  the 
depth  of  the  gas  from  the  orifice  up  to  any  imaginary  free  surface, 
throughout  which  the  density  is  uniform  and  the  same  as  at  the  orifice. 
Then  the  pressure,  per  unit  surface  upon  the  orifice,  will  be — 

where  ^  is  the  specific  density  of  the  fluid  flowing,  or  the  weight  per 
cubic  unit.  Thus,  for  air  flowing  from  a  receiver  where  the  absolute 
pressure  is  j9,  into  a  space  where  the  absolute  pressure  is  p^^  the  eflec- 
tive  pressure  will  be  l>i-^2i  ^s  above.    Hence 

a  general  formula  for  case  of  slight  variation  of  S, 

At  the  mouth  of  a  gas  well  the- pressure  of  the  gas  flowing  is  the 
atmospheric  and  its  density  is 

d  =  .0807  Sg  '^  (^^ 

where  Sg.  is  the  specific  gravity  of  the  gas,  air  being  1,  t^  =  the  ab^o- 
lute  temperature  of  melting  ice,  and  r  the  absolute  temperature  of  the 
flowing  gas.    But 

273     Cent.«=J^Fahr.«' 


r  2T6  +  t  •  4t)l  +  r 

Introducing  these  into  the  Pitot  formula  and  taking  2g  =  64.3,  we  get 
for  units  in  feet, 

where  t  is  the  temperature  of  the  flowing  gas. 

Applying  this  to  a  gas-well,  Pi  — P2  is  the  eflTective  pressure  indi- 
cated by  the  pressure  gauge,  and  taking  the  temperature  at  the  freezing 
point  and  Sg.  at  0.6  for  an  approximation,  we  have 

V  approx.  =  437.3  Vpi  — 1>2-  (6) 
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Suppose  the  presiure  gauge  on  the  Pi  tot  tube  reads  one  pound.    Then 
2>i  — ^2  =  0^^  pTund  and  v  =  437.3  feet  per  second. 

For  small  pressures,  such  that  the  water  manometer  is  used,  as  in 
fig.  2,  one  pound  pressure  is  equivalent  to  27.5  (nearly)  inches  of  water, 
and  by  putting  A,  the  head,  in  inches  of  water,  we  have 

h 

^  =  6^-»7(l+5^)V|cent.o 

and  taking  Sg  =  0.6, 

t;  approx.  =  83.1  \/h  (8) 

Suppose  the  manometer  gives  27.5  inches  of  water,  =  1  pound  pres- 
sure.   Then  (8)  gives  v  =  437  3  feet  per  second. 

Velocity  Under  Great  Pressures. 

When  a  gas  flows  from  a  receiver  into  a  space  outside  with  a  rela- 
tively large  fall  of  pressure,  the  formulas  for  adiabatic  flow  of  gas  are  to 
be  employed  for  calculation.  The  correct  formula  for  this  is  found  in 
most  of  our  best  authorities,  viz.: 

^r-1 
2j 
(r- 


^{('i)  '  -'}  «> 


in  which,  for  the  present  use, /Jj  =  absolute  pressure  by  Pitot's  tube 
gauge;  P2  =  absolute  pressure  of  air  =  14.6  pounds  per  square  inch;  d 

=  weight  unit  vol.  of  flowing  gas  at  mouth  of  Pitot  tube  =.0807—-  Sg; 

T^  and  r  =  absolute  temperatures,  as  before ;  Sg  =  specific  gravity  of 

flowing  gas  at  mouth  of  Pitot  tube,  air  =  1 ;  y=  1.408 ;  — I — =  3  451  • 

r—  1- 
2g  =  64.3;  m*  =  value  in  parenthesis;  then,  introducing  the  numeri- 
cal values  and  reducing,  we  obtain  : 

'  =  ^^^^  tW  "*■  5T6T"«  ^^°^  Vk^  ^or  Cent.^•  and 

^  =  2404  -^  +  ^;^,  2404  -^  for  Fahr.°  (10) 

If  the  temperature  of  the  flowing  gas  be  taken  at  that  for  melting 
ice  and  Sg  at  0.6^  we  obtain  the  approximate  formula 

t?  approx.  ==  3103m.  (II) 
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TABLE  I. 


To  Faciutatb  Calculations  of  Velocity  akd  Tiupebatubs  op  Flowing  Gas, 

IN     WHICH    Pi  — 1>,     IS    THE    ObSKKVED  PeESSURB    BY    GaCGB    ON    THB    PiTOT's 

Tube,  and  m  the  Value  of  the  Bracketed  Quantity  in  Equation  (9). 


Pi— Pt  or  observed 
gaage  preesure. 

Pi 

P2 

m. 

m«. 

0.5  ^ 

1.034 

.100 

.0100 

0.76- 

1.051- 

,120 

.0144 

LO  - 

lOfe- 

.188 ^.. 

.170 

.0189 

L6  « 

1.103. 

1 137- 

.0J87 

2.0 

.195 

0890 

2.5  - 

1171- 

1.205 

1,240- 

.216 

.236 

.254 

.0467 

3.0  ., 

.0556 

3.5 

.0643 

40  « 

1.274 

.270 

0729 

4.6 

1.308- 

.284 

.0817 

50 

1.842- 

.299 

.0894 

5.5  

1.377.. 

.312 

0973 

A  0 

1411- 

.324 

.1061 

6  5 

1.445- 

1.479- 

.335 

.1122 

7.0 

.346 

.1197 

7.6    

1.514- 

1.548 

1.616.. 

.857 

.368 

.1274 

8.     ., 

.1851 

9. 

.387 

.1498 

10.     

1.685- 

.403 

.1624 

12.     - 

1.822 

.436 

19C0 

14. 

.461 

.2126 

16.     « 

2.09H- 

.488 

.2381 

18. 

2  233- 

.512 

2621 

20. 

2.870- 

2.712- 

533 

.2833 

26.     ., 

.578 

.617 

.653 

.3341 

30 

3.054- 

.8807 

85. 

3  897., 

4254 

40. 

3.740- 

.683 

.4665 

45.     ., .... 

4  082- 

.709 

.734 

.5027 

60.     « 

4.425 

.5388 

65.     - 

4  767.. 

.757 

5731 

60. 

5.110- 

.778 

.6033 

The  bracketed  quantity  in  equation  (9)  may  be  put  in  the  form 

Developing  by  the  binomial  theorem,  and  (9)  becomes 

*      »      •-  2rpt  ^f         Pi  ■"       (12) 

The  first  term  of  which  is  the  same  as  (3),  and  the  remaining  terms 
may  be  regarded  as  corrections  to  (3),  modifying  it  as  required  for  the 
change  from  constant  to  varying  density  under  flow.    From  this  it  is 

36         G. 
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seen  that  for  adiabatic  flow,  the  formula  for  constant  density  gives 
values  which  are  too  high. 

Confirmation  of  the  Formulas. 

The  shunt  has  been  used  to  verfy  results  by  the  Pitot  tube  in  the 
flow  of  air  and  of  gas  under  variable  density. 

1.  For  air,  the  Westmghouse  Reservoir  was  charged  with  com- 
pressed air  to  seventeen  pounds  per  square-inch,  and  the  one-fourth 
inch .^rifice opened  for  discharge,  while  the  shunt-mouth  was  introduced 
into  the  issuing  jet  for  eight  seconds,  and  the  pressure  noted  for  every 
two  seconds  as  follows : 

Vkbifyixq  Ezpkbimext  with  Shunt. 


Seconds. 

Receiver  pressure. 

Means  by  pairs. 

Galcalated 
velocities. 

0.. 

17 

16   

16.50- 

1,115 

2^ 

15.76.. 

151 

1,083 

4^ 

15.26 

16   

1,070 

6^ 

14.75.. 

14} 

1,056 

8.. 

Mean  velocity,  feet  per  second,  calculated 1,081 

Velocity  by  the  shunt,  feet  per  second,  calcalated.. 1,000 

The  shunt  orifice  was  0.063  inch  in  diameter,  and  the  shunted  air 
was  40.08  cubic  inches  per  second.  The  shunt  orifice  (explained  later) 
was  one  of  no  resistance,  and  the  gas-bag  and  connecting  pipes  offered 
iio  appreciable  resistance.  The  shunt  orifice,  however,  could  never  have 
a  greater  effective  area  than  that  measured,  while  slight  traces  of  dust 
would  make  it  less.  The  possibility  of  some  lingering  dust,  and  the 
resistance  of  connections  would  account  for  part  of  the  difference  of 
velocities  1,081  and  1,006  observed. 

It  is  to  be  observed  that  the  shunt  is  theoretically  a  positive 
measurer  of  velocity,  so  that  the  1,006  feet  may  be  regarded  as  positively 
not  far  from,  though  probably  less  than  the  actual  velocity. 

Hence  the  1,083  feet  velocity,  given  by  the  Pitot  tube  calculation, 
is  to  be  regarded  as  a  fairly  reliable  result. 

2.  At  a  gas-well  the  Pitot  tube  and  shunt  were  both  applied  in 
quick  succession,  each  several  times,  with  mean  results  as  follows : 

Velocity  by  tnbe   =  1,178  feet  per  second. 
"  shunt  =  1,111      "  " 
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The  shunt-mouth  was  cleaned  out  each  time  applied,  to  clear  it  of 
possible  obstructions,  though  no  evidence  was  found  of  interfering 
matter. 

3.     At  a  second  gas-well  the  results  were  as  follows : 

Velocity  by  tube    «=  1,016  feet  per  second. 
"  shunt  — 876         *'  " 

This  well  carried  traces  of  oil  along  with  the  gas,  so  that  the  hand 
placed  in  the  j"t  in  a  few  seconds  would  be  smutted  with  oil.  Hence, 
there  can  be  no  doubt  but  that  the  oil  deposit  in  the  shunt-ipouth, 
noticed  at  the  time,  had  a  very  appreciable  effect  in  cutting  short  the 
flow  by  shunt.  This  discrepancy  of  results  is  therefore  expected,  and 
that  fact  here  serves  for  verification. 

P.TOT  Tube  Mouth. 

By  regarding  the  pressure  obtained  by  this  instrument  as  due  to 
the  impact  against  the  open  mouth,  it  is  easily  seen  that  the  amount  of 
action  is  proportional  to  the  area  of  mouth,  so  that  this  area  is  inde- 
pendent of  the  observed  pressure.  In  the  experiments,  the  largest 
mouth  was  ^  inch,  another  was  ^  inch,  and  the  smallest  was  0.065  inch 
in  diameter^  giving  the  following  results  at  the  Karg  gas-well  where  all 
were  tried : 

T»T  FOR  Size  op  Tcbb-Mooth. 


Mouth  i-inch 
diameter. 


Mouth  yV 
iDch  diam- 
eter. 


Each  figure  in  the  table  is  the  mean  of  two  observations.  The 
observed  pressures  agree  well  for  the  different  sizes,  and  indicate  absolute 
independence  of  size  of  tube-mouth. 

The  small  mouth  is  the  one  used  for  the  shunt.  All  were  formed 
sharp,  or  very  nearly  so,  at  the  front  end  of  tube  around  the  mouth,  and 
no  experiments  were  made  with  a  dull  mouth-rim. 
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The  Shunt. 

A  shunt  properly  constructed  for  this  purpose  should  offer  no 
resistance  to  the  movement  of  the  fluid,  so  that  when  ai  particle  of 
shunted  gas  has  just  fairly  entered  the  shunt-mouth,  its  velocity  should 
be  the  same  as  that  of  the  stream  around  it. 

The  connecting  tube,  for  as  great  a  portion  of  length  as  possible 
between  mouth  and  collecting  bag,  should  be  large,  and  yet  it  should 
be  gradually  enlarged  from  the  point  or  mouth  in  order  not  to  present  a 
blunt  end  for  impact  of  gas,  and  thus  modify  the  flow  into  its  mouth. 

To  thus  secure. a  tapering  tip,  andM  the  same  time  an  orifice  of  no 
resistance,  the  device  of  making  the  inside  with  a  gradual  flare  for  an 
inch  or  two  was  resjrted  to,  and  such  a  flare  that  the  resulting  loss  of 
velocity  and  consequent  loss  of  energy  of  motion  in  the  passage  would 
just  compensate  for  the  frictional  resistance  to  be  overcome  in  this 
small  part  of  the  passage.  After  thus  getting  a  suitable  distance  from 
the  mouth,  a  sudden  enlargement  was  made  to  such  size  as  to  reduce 
the  remainder  of  the  connecting  pipes  to  practically  no  resistance. 

If  t;  =:  velocity  of  fluid  at  the  mouth  end,  and  t?'  that  at  the  larger 
end  where  the  sudden  enlargement  occurs,  then  the  loss  of  energy  of 
motion  between  the  points  will  be 

where        M  =  —  per  second. 
9 

d  being  the  density  and  a  the  area  of  passage-way. 

The  work  overcome  in  frictional  resistance  per  second  will  be  the 
force  into  the  space. 


.2 


dav 


Yv  =  fd  ytdi:^  V  ^^i^  {v* -  v'')  (12) 

''^9  '^9 

Where  /  is  the  coeflScient  of  fluid  friction,  d  the  diameter  of  the  narrow 
part,  g  the  passage,  and  I  its  length.    Observing  that  av  =  the  volume 

per  second  ==  ._ i-i ,  and  constant  for  at  least  an  infinitesimal  lengtfa, 

we  reduce  the  above  to 

2a  ^-^'   =ndfl, 

J       d'  —  d 

^^-7-  (13) 

The  same  result  would  have  been  obtained  had  the  equations  been 
worked  out  for  an  infinitesimal  length  and  variable  density,  and  then 
integrated. 
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The  final  result  shows  that  the  difference  of  diameter  at  the  oppo- 
site ends  of  the  flaring  smaller  part  of  the  passage  is  independent  of  the 
total  diameter. 

The  value  of  f  is  about  0.006.  Now,  making  dl  —  d=j^  of  an  inch, 
then  I  =  1.67  inches.  These  are  the  figures,  according  to  which  the 
shunt-tip  experimented  with,  was  made.  The  diameter  at  the  mouth  of 
the  tip  was  0,065  inches,  and  at  the  1.67  inches  distance  from  the  tip 
the  passage  was  0.075  inches,  where  it  quickly  enlarged  to  J  inch,  the 
size  for  2^  inches ;  beyond  which,  for  about  18  inches,  it  was  about  f  inch, 
where  the  light  rubber  bag  was  attached  for  catching  the  shunted-gas. 
This  bag  was  made  especially  for  the  purpose,  of  very  thin  ^'dental 
rubber." 

When  collected,  the  gas  was  measured  by  running  it  through  an  as- 
pirator.    When  thus  measured  its  temperature  should  be  noted. 

Oq  account  of  the  passage  way  in  the  shunt  being  formed  as  one  of 
no  resistance,  the  gas  collected  per  second  is  regarded  as  having  flown 
through  the  shunt-mouth  at  the  same  rate  that  it  did  outside  the  mouth, 
or  with  the  normal  velocity  of  the  gas  at  the  well-mouth. 

Quantity  of  Gas  Discharged. 

The  quantity  of  discharge  should  be  estimated  at  some  standard 
temperature  at  which  the  gas  is  supposed  to  stand  as  if  retained  col- 
lected in  a  gas-holder,  say  50**  Fahr.  But  while  the  gas  is  flowing,  its 
temperature  will  almost  always  be  much  lower,  on  account  of  the  expan- 
sion which  accompanies  the  flow.  For  instance,  in  the  shunt  verifying 
experiment  of  the  air  issuing  from  the  receiver  at  initial  seventeen 
pounds  apparent  preFsure,  the  density  of  the  stream  of  air  just  outside 
the  plane  of  the  orifice  was  0.0937,  instead  of  0.0749  of  the  surrounding 
air  into  which  the  receiver  ^as  discharged,  and  the  volume  av  calculated 
by  using  the  velocity  v  =  10S3  would  require  to  be  increased  about  25 
per  cent,  to  obtain  the  volume  of  the  discharged  air  on  the  supposition 
of  being  collected  and  retained  in  a  gasholder  at  atmospheric  pressure, 
and  temperature  of  60*  Fahr. 

The  temperature  of  the  air  in  the  same  jet  from  the  receiver  was 
about  38°  below  zero  Fahr.,  which  low  tetbperature  is  to  account  for  the 
density  in  the  jet. 

Taking  V  for  the  volume  discharged  per  second,  then 

V  =  Av^,  . 

where  A  =  area  of  the  stream  of  gas  being  measured,  as  for  instance 
••hat  at  the  gas-well  mouth,  or  of  the  well  mouth  itself,  r,  the  absolute 


666  GEOLOGY  OF  OIHO. 

temperature  of  the  gis  when  stored,  ancl  r  that  of  the  gas  in  the  stream. 
But 

T         2/0  -f-  t  '    2i6  +  t 

Hence, 

=  At;  +  At>^^^Fahr.»  (16) 

The  volume  discharged  per  day  of  twenty  four  hours  for  dimensions 
in  feet  will  be 

Vol.  per  day  =  S6400  V.  (17) 

The  Encased  TiiEBMOMbTEB;  or  Temperature  of  Stream. 

In  the  impact  of  the  gas  against  the  open  end  of  a  tube,  it  is  just  as 
true,  from  theoretical  ground*,  at  least,  that  the  temperature  will  be  re- 
stored as  well  as  the  pressure.  That  is,  referring  to  the  case  of  the  air 
issuing  from  the  receiver  through  the  ori6ce,  the  pressure  in  the  Pitot's 
tube  by  impact,  has  been  shown  to  be  up  just  to  that  in  the  receiver. 
Consequently,  the  air  was  compressed  back  to  its  original  conditions  as 
to  temperature  and  volume  very  nearly,  since  the  time  for  acquiring 
heat  by  a  particle  in  the  act  of  passing  out  against  the  tube-mouth  could 
Hot  much  exceed  the  fifty-thousandth  part  of  a  second.  The  same  is 
true  of  the  density. 

About  a  dozen  experiments  were  made  to  test  the  question  as  to 
restoration  of  temperature  in  the  cup-mouth  by  means  of  an  encased 
thermometer  arrangement  shown  in  fig.  6.  A  glass  tube,  BC-,  about 
f  inch  diameter  was  drawn  down  at  A  to  about  J  inch  liameter,  for  the 
mouth  to  present  to  the  l^-orifice,  0,  in  the  Westinghouse  apparatus. 
Inside  of  AC  is  shown  the  encased  thermometer  cupported  in  the  center 
of  the  tube,  and  with  its  bulb  B,  as  near  as  practicable  to  A.  In  the 
plug  at  C  is  a  small  hole  to  allow  a  current  to  flow  past  the  thermome- 
ter, so  that  the  air  in  AC  will  not  have  time  to  bo  modified  in  tempera- 
ture after  being  compressed  at  A,  before  it  surrounds  the  thermometer 
bulb  at  B  for  determination  of  temperature. 

There  was  no  thermometer  in  the  receiver  to  show  its  temperature. 
In  experimenting,  the  pressure  would  fall,  in  each  experiment,  from 
between  thirty  and  forty  pounds  per  square  inch  to  about  eight  or  ten, 
owing  to  which  the  temperature  would,  of  course,  fall  in  the  receiver 
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Bat,  afc  the  same  time,  air  was  being  pumped  in  as  fast  as  the  pump 
would  work.  Under  these  conditions,  it  is  difficult  to  tell  what  the 
temperature  in  the  receiver  at  any  time  was,  but  as  the  room  was  at 
about  25^  C,  it  is  probable  that  the  interior  of  the  receiver  ranged  from 
15«  to  20^  C. 

Exposing  the  naked  thermometer  bulb  to  the  jet,  while  pressure 
fell  from  thirty-five  to  ten  pounds,  the  mercury  fell  to  from  three  to  six 
degrees  below  zero  C;  blit  th*)  real  temperature  of  the  jet  must  have 
been  very  much  lower,  from  the  fact  that  ice  would  form  on  the  bulb 
and  not  melt,  nor  even  become  moist  for  several  minutes  after  removal 
of  thermometer  from  jet  and  exposure  to  the  air  of  the  room,  thus  prov- 
ing a  great  fall  of  temperature  in  the  act  of  expansion  at  the  orifice  0. 
The  actual  temperature  of  jet  could  not  be  expected  to  be  indicated  by 
a  naked  thermometer  in  this  way,  for  the  reason  that  the  impact  of  air 
upon  the  thermometer  bulb,  and  friction  of  the  flowing  air  passing  it, 
would  give  such  a  tendency  to  elevation  of  temperature  as  to  utterly 
defeat  the  effort  to  determine  definite  knowledge  as  to  the  actual  tem- 
perature of  the  jet  by  means  of  a  naked  thermometer. 

But  in  presenting  the  mouth  of  the  incased  thermometer  to  the  jet, 
the  mercury  would  stand  very  nearly  steady  at  about  IB*'  to  21^  C,  some- 
times not  falling  a  single  degree.  As  this  temperature  was  not  far  from 
that  within  the  receiver,  together  with  the  fact  that  the  naked  ther- 
mometer would  fall  from  20^  to  25^  lower  and  yet  not  reach  the  limit 
it  appears  that  the  encased  thermometer  is  to  be  relied  upon  for  indicat- 
ing the  temperature  in  the  receiver. 

Hence,  from  all  the  facts  of  experiment,  and  considerations  above 
noted,  we  are  prepared  to  state  the  following  more  general  principle;  for 
non-viscous,  elastic  or  non  elastic  fluids,  viz.:) 

When  any  fluid  flows  froni  a  higher  to  lower  pressure  through  a  frictionless 
passage,  the  portion  caught  direct  in  a  cup  mouth  will  he  restored  to  Us  original 
conditions  as  to  pressure^  temperature  and  density. 


i 

i 


t  ,111  I  I  11144441  III  III  I  Mill  I  NO) 


c^ 


x'ifi.  a 


By  using  a  tube  of  some  non-conducting  material,  like  pasteboard 
or  papier  rMu:ht\  fur  the  casing,  fig.  6,  extending  fron^  A  to  some  distance 
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past  the  thermometer  bulb,  and  then  glass,  better  resnlts  would  doubt- 
less be  obtained  than  for  all  glass,  though  glass  would  be  much  better 
than  metaJ. 

The  temperature  of  the  encased  thermometer,  as  well  as  the  pressure 
by  the  Pitot  tube,  for  any  stream  of  gas  observed,  ehf»uld  be  regarded  as 
that  of  the  equivalent  receiver^  that  is,  a  receiver  from  which  the  same  gas 
would  flow  to  produce  the  same  jet  as  that  observed  for  which  the  tem- 
perature and  pressure  would  be  that  of  the  encased  thermometer  and 
Pitot  tube. 

This  fact  is  to  be  taken  advantage  of  for  securing  the  temperature 
of  the  flowing  jet  by  calculation  from  the  temperature,  as  observed  from 
a  thermometer  placed  in  the  non-conductor  tube. 

Then  the  temperature  of  the  stream  of  gas  can  be  calculated  from 
the  well-known  relation  for  adiabatic  expansion, 

r-1 


fe) 


-'     '     =l  +  -*=f--l  +  ^+lCent.« 


whence  t  =-^p-; — 5-  Cent.^  =  -^— - — j—  Fahr.'' 

where  t  is  the  temperature  observed  from  the'  endased  thermometer,  ik 
the  value  found  from  the  table  given  above,  and  t  the  temperature  of  the 
stream.  When  the  result  for  I  comes  out  negative,  It  is  to  be  read 
"  below  zero." 

This  value  of  I  is  to  be  used  in  (5),  (7)  or  (10). 

Density,  or  Specific  GBkVixy. 

As  the  formulas  for  calculating  the  velocity  of  flow  contain  the  spe- 
cific gravity  of  the  gas,  some  convenient  way  of  finding  it  is  desirable. 
Where  the  analysis  of  the  gas  in  qut-stion  is  not  known,  Bunsen's  Effu- 
sion Principle,  as  already  stated,  may  be  applied.  A  simple  way  of 
doing  this  is  to  draw  a  finch  glass  tube  down  blunt  to  a  fine  orifice,  put 
this  into  a  cork,  orifice  up,  and  the  cork  into  a  bottle  with  the  bottoai 
knocked  out.  Then  fill  the  bottle  with  water,  set  it  into  a  common 
plate  filled  with  water.  Now,  let  the  water  flow  out  over  the  edge  of 
the  plate  and  draw  air  in  through  the  effusion  orifice  at  the  top  of  the 
tube  in  the  cork  and  note  th)  time.  Then  fill  the  bottle  again,  and 
similarly  allow  the  gas  in  question  to  flow  through  the  efl*usion  orifice 
and  empty  the  bottle,  noting  the  time  of  fiow.  Then  Bunsen's  princi- 
ple makes  the  densities  proportional  to  the  squares  of  the  times,  and 
the  specific  gravity  equal  to  the  ratio  of  the  squares  of  the  times. 

A  mark  may  be  placed  on  the  neck  and  near  the  bottom  of  the 
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bottle  to  start  and  stop  at ;  and  a  piece  of  rubber  hose  may  be  stuck 
upon  the  effusion-tube  and  ocripped  to  prevent  flow  till  ready. 

The  gas  may  be  caught  from  the  gas  well  by  a  shunt  in  a  light  bag 
for  the  etiusion-tube  to  draw  (rom  in  observing  for  time  of  efl'usion  of 
gas,  care  being  taken  to  get  all  air  from  the  connections. 

Applications. 

Primarily  in  this  investigation,  the  object  was  to  measure  gas-wells, 
but  the  appliances  are  applicable  to  other  streams  or  currents  of  gas, 
even  where  the  fluid  is  of  indefinite  extent,  as  in  high  winds.  Several 
inscancts  are  known  of  failures  of  wind  anemometers  at  the  critical 
time  of  a  most  valuable  record,  because  of  delicacy,  complexity,  etc.,  of 
instrument.  In  the  Pitot  tube,  we  find  an  instrument  of  the  greatest 
possible  simplicity  and  stabilitj*,  one  not  having  a  single  moving  part 
exposed  to  the  wind. 

Thuc,  to  find  a  reliable  wind  velocity  or  pressure  of  the  tornado, 
put  up  on  strong  iron  frame-work  several  Pitot  tube  points,  radiating 
in  different  directions,  including  up  and  down,  each  wiih  double  mouth, 
one  direct  and  one  lateral,  connected  properly  with  a  gauge  as  above 
explained,  with  a  maximum  iudicator.  This  contrivance  could  be  left 
to  stand  by  itself  year  after  year,  observed  or  not.  Finally,  the  maxi- 
mum wind-pressure,  with  direction,  could  be  read  off.  These  could  be 
located  at  various  points  about  the  country,  anyone  of  which  struck  by 
a  cyclone  could  make  known  the  various  interesting  facts  so  much  de- 
sired as  to  pressure,  velocity,  variety  of  direction,  lifting  power,  etc. 

A  double  mouth  tube  placed  inside  a  conducting  pipe  would  show 
by  gauge  located  at  any  convenient  situation,  the  velocity  in  the  pipe. 

PRECAUriONS  TO    BE  OBSERVED  IN    ESTIMATING  THE   SERVICE  CAPACITY 

OF  GaS-WeLL3. 

When  a  gas-well  i?  allowed  to  flow  freely  through  a  widely  opened 
mouth,  its  discharge  will  be  greatly  in  excess  of  that  which  would  be 
obtained  if  the  opening  for  discharge  were  stopped  down  to  a  smaller 
mouth  for  discharge.  Thus  suppose  a  well  discharging  through  a  4  inch 
mouth,  and  the  pressure  were  observed  by  a  pressure-gauge  attached  to 
the  well-pipe  just  below  the  mouth,  to  be  twenty  pounds  per  square- 
inch.  Now,  if  the  opening  be  reduced  to  2-inch  diameter,  the  pressure, 
by  gauge,  will  rise  to  some  point  higher  than  the  previous  twenty 
pounds,  or  say,  to  perhaps  100  pounds  per  square-inch. 

In  this  second  case  the  cubic  feet  discharged  per  hour  must  be  less 
than  in  the  former  case,  from  the  simple  fact  that  the  resistance  to  dis- 
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charge  is  greater.  This  is  seen  to  be  true  by  extending  the  reasoning 
to  smaller  and  still  smaller  openings,  until  finally  it  is  ^-inch,  ^-inch, 
or  were  entirely  stopped,  in  which  reduction  of  opening  the  pressure 
rises  higher  and  higher,  until  finally  the  full  statical  pressure  of  600  to 
750  pounds  of  the  well  is  reached. 

The  rise  of  pressure,  witb  constriction  of  opening,  will  not,  as  is 
thus  seen,  fully  compensate  for  the  reduction  of  opening. 

The  total  resistance  to  discharge  of  a  well,  discharging  into  free  air, 
consists  first,  of  the  resistance  ot  the  orifice  mouth ;  second,  of  the  resist- 
ance to  fluid  friction  of  gas  flowing  along  the  well-tubing  from  bottom 
to  mouth,  and  third,  of  the  resistance  offered  to  the  gas  along  the  strata 
of  the  earth  from  the  source  of  gas  to  the  well-hole. 

To  determine  the  value  of  a  gas-well  for  service,  its  discharge  should 
be  determined  for  several  sizes  of  opening  of  discharge-mouth,  and  the 
corresponding  pressures  observed  by  the  gauge  on  the  well  below  the 
mouth.  Then  for  future  use  a  curve  may  be  plotted,  giving  relation  of 
pressures  and  quantities  discharged,  when  a  table  of  cubic  feet  per  day 
of  discharge  may  be  made  out  for  all  the  pressures  included  in  the  range 
observed.  In  this  table  there  would  appear  in  one  column  the  pressure 
hy  gauge  on  well,  and  in  the  adjacent  column  the  cubic  feet  per  day 
supplied  by  the  well  at  the  several  stated  prefsures.  These  quantities 
of  well-discharge  will  diminish  as  the  pressures  increase. 

When  the  particulars  of  the  well  are  all  known  as  to  size  and  length 
of  pipe  in  well,  and  a  single  observation  for  discharge  with  full  data,  the 
quantities  discharged  by  well  at  different  pressures  may  be  made  out 
approximately  and  tabulated,  but  the  better  way  is  by  observing  the 
discharge  at  the  several  press-ures  as  above  suggested. 

The  table  here  suggested  for  service  capacity  cannot  be  made  out  as 
a  single  table  applicable  to  all  wells,  but  each  well  will  require  its  own 
table  peculiar  to  itself,  though  this  can  be  readily  made  out  from  obser- 
vations with  three  sizes  of  mouth,  and  better  still  with  more  than  three. 

Formulas  and  Tables  to  Facilitate  Calculation  op  Quantities  of 
Gas  Discharged  by  Gas-Wells. 

For  most  cases  of  practice  the  preceding  formulas  may  be  partly 
reduced  as  follows : 

Putting  the  bracketed  quantity  equal  m^,  as  lound  in  Table  I,  and 
other  quantities  thus — 

2g  =  64.3  feet  per  second. 
r  =  1.408. 


MEASUREMENT   OF  OAS- WELLS.  571 


r     


8,451. 


r-1 

p^  =  14.6  pounds  per  square-inch. 

d  =  weight  per  cubic  feet  =  .0807  I?  yg. 


la 

T 

T^  =  absolute  temperature  meltirg  ice. 
r  =        "  "  of  flowing  gas. 

Tj  =        "        "temperature  of  storage,"  or  of  gas  as  if 

stoied  in  a  gas  holder  at  the  ordinary  temperature  fj- 
Then  we  obtain 

.  =  2404m  ^  (19) 

and  if  Sg  =  0.6 

.  =  3103.^  (20) 

and  if  r  =  Tq  we  obtain  the  same  as  (11) 

t?=- 3103m  (11) 

where  v  =  velocity  of  gas  at  gas-well  mouth. 

Then  the  volume  in  cubic  feet  per  day  discharged  by  gas-well 
will  be  (d  being  diameter  of  orifice  or  well-mouth  in  inches) 

V.  day  =  86,400  X  3103m       ^  ^'  , 

^  >         ^  4  X  144  (21) 

V.   day  =  l,462,250wid2  (22) 

This  formula  is  correct  f )r  a  specific  gravity  of  gas  of  0.6,  a 
temperature  of  flowing  gas  of  32°  Fahr.,  and  a  **temperature  of  storage" 
of  32°  Fahr. 

From  this  formula  (22),  Table  IE  was  made  out. 

This  so  called  ^'temperature  of  storage"  is  the  temperature  that  the 
measured  gas  is  assumed  to  have  if  the  measured  gas  were  stored  in  a 
gas  holder  at  the  temperature  considered.  Thus,  suppose  that  a  gas- 
well  discharged  its  gas  into  a  great  gas  holder  for  one  day,  and  that 
this  gas,  while  in  the  gas-holder,  were  measured  in  cubic  feet  when  the^ 
temperature  of  it  was  at  50°  F.  Then  50°  is  the  temperature  of  storage." 
But  it  is  not  necessary  to  actually  store  the  gas  thus,  for  the  formulas 
and  tables  give  the  quantity  discharged  by  the  well,  so  that  the  gas  can 
be  mea5<ured  and  dealt  out  to  customers  without  storage,  but  under  the 
same  measurement  as  if  stored. 
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As  table  II  is  only  for  a  specific  gravity  O.G,  a  temperature  of  storage 
of  32*^,  and  a  temperature  of  flowing  gas  32°,  the  table  will  give  correct 
results  only  for  these  data.  To  meet  the  requirements  for  other  observed 
data,  without  making  out  a  great  table  for  each  density  and  tempera- 
ture, the  plan  of  correction  tables  is  resorted  to.  Tables  III  and  IV 
serve  to  correct  both  for  specific  gravities  and  temperatures  other  than 
those  of  table  IL  III  being  for  the  same  temperature  of  storage  as  II, 
while  IV  is  for  a  temperature  of  storage  of  50°P.,  this  being  regarded 
as  a  fair  mean  temperature  of  a  gas-holder  for  the  year,  and  for  the 
latitude  of  Ohio  and  Pennsylvania. 

The  general  formula  partly  reduced  becomes 

V.  day  =  1,462,260.    r,  J'lHu 

^-^0^^  (23) 

where     Tj  =  absolute  "  temperature  of  storage." 
=  461.2  +  ^2  Fahr. 
T  =  absolute  temperature  of  flowing  gas. 

=  461.2  +  i  Fahr. 
T^  :=  absolute  temperature  melting  ice  =  493.2°. 
Sr7i=  the  specific  g  avity,  0.6. 
Sg  ■=  **  "  observed. 

For  Table  III  the  absolute  temperature,  r^,  is  493  2°,  while  for 
Table  IV  it  is  511  2°  Fahr.,  or  for  ordinary  temperatures  of  3i°  and  50° 
Fahr.,  resp^-ctively. 

The  corrections  in  these  tables  are  the  difierences  between  the 
formulas  (23)  and  (22). 

TABLE  III. 

For  Tkupbratubb  of  Storaqb  of  82°  F.  Correction  Multipliers  to  correct  the 
Cubic  Feet  per  Day,  Obtained  from  Table  II  for  other  Specific  Gravity 
than  0.6,  AND  other  Tempebature  of  Flowing  Gas  than  82°  F. 

To  use  the  tabular  quantities  obtained  from  this  table,  multiply 
them  by  the  cubic  ft.  per  day  obtained  from  Table  II,  and  add  or  sub- 
tract the  product.  Thus  correct  15,400,000  cubic  ft.  per  day  from  Table 
II,  to  a  specific  gravity  of  06,  and  a  temperature  of  flawing  gas  of  40** 
P.  For  this  we  obtain  from  this  table  the  multiplier  0.085,  and  hence 
the  corrected  cubic  ft.  per  day  is  15,400,000,  plus  16,400,000x085--=  15,400,- 
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000,  plus  1,309,000-1^16,709,000  cubic  ft.  per  day  for  a  specific  gravity  of 

0.5  and  40°  temperature  of  flowing  gas  at  well-mouth. 

Or  to  correct  to  a  specific  gravity  of  0  8  and  temperature  of  flowing 

gasofSO*'  F.     This  Table  gives  the  multiplier  0.149,  and  hence  the 

corrected  quantity  of  gas  is  15,400,000,  less  15,400  COO X.  149=15  400,000, 

less  2,294,600=13,105.450  cubic  ft.  per  day  at  the  sprcififc  gravity  0  8  and 

60°  F.  temperature  of  flowing  gas. 


.40 
.45 
.50 
.65 
.60 
.fto 
.70 
.75 
.80 
.90 
1.00 


Temperature  of  flowing  gas  for  point  observed  at  well  mouth. 


25** 


.284 
.163 
.103 
.053 
.007 


.U3^ 
.068 
.099 
.128 
.178 
.220 


80« 


.227 
.167 
.097 
.047 
.002 


.037 
.073 
.104 
.134 
.184 
.225 


85° 


.221 
.151 
.09^ 
.042 


.U03 
.041 
.077 
.108 
.140 
.189 


40° 


.215 
.145 
.085 
.037 


45° 


.140 
.081 
.032 


50° 


.203 
.134 
.076 
.027 


55° 


.197 
.129 
.071 
.022 


60° 


.191 
.128 
.066 
.017 


Add  for 
quantities 
above  line. 


.008 

.Ol.S 

.OLb 

.U^3 

.046 

.051 

.056 

.060 

.081 

.086 

.091 

.095 

.113 

.117 

.122 

.126 

.143 

.145 

.149 

.153 

.192 

.194 

.198 

.202 

.233 

.235 

.239 

.243 

.027 
.065 
.099 
.130 
.158 
.206 
.247 
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TABLE  IV. 

For  XxMrEBATURX  of  Storage  of  50°  F.,  CoRRBcrroN  Mcltipltirs  to  usk  the  samb 

AS  those  of  Table  III. 


h 

1 

lemperature  of  flowing  gas  for  point  observed  at  well  mouth. 

P 

25° 

80° 

35° 

40° 

45° 

60° 

55° 

60° 

.40 

.278 

.272 

266 

.259 

.253 

.247 

.240 

.234 

Add  for 

.45 

.206 

.200 

.194 

.188 

.182 

.176 

.170 

.164 

Quantities 
above  line. 

.50 

.143 

.137 

.132 

.126 

.121 

.115 

.110 

.104 

.65 

.C9l 

.085 

.080 

.075 

.069 

.064 

.059 

.058 

V , — y 

.60 

.044 
.004 

.039 
.002 
.040 

.033 
.006 
.043 

.028 
.011 
.048 

.023 
.016 
.053 

.018 

.018 

.008 

.65 

.021 
.057 

.026 
.062 

.031 
.067 

.70 

.053 

HI 

.75 

.066 

.073 

.076 

.080 

.085 

.090 

.094 

.099 

.80 

.096 

.102 

.105 

.110 

.114 

.118 

.123 

.127 

111 

.90 

.148 

.154 

.157 

.161 

.165 

.169 

.173 

.178 

1.00 

.192 

.197 

.200 

.204 

.207 

.211 

.215 

.219 

V'S 
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TABLE  V. 

For  Djetbbuixino   the  TiMPCBATrRE  op  Flowixo  Gas  from   the  Teuperatcrx 
Obskrvkd  OS  Tiis  Encased  TnBBMOsiBTKR,  as  ix  Fio.  6. 


ilfi 

30^ 

Obser 
50^ 

ved  tei 

.80°. 

nperat 
120°. 

ure  giv 
160°. 

en  by 
200°. 

tbe  en( 
240°. 

cased  t 
280°. 

hermo 
320°. 

meter. 
860°. 

400^ 

0.5 
.75 
1.0 

25 
23 
21 

45 
41 

40 
36 
32 
27 
23 
19 
15 
11 

"65" 
60 
56 
62 
48 
43 
89 
36 
32 
28 
25 
22 
19 
16 





"72" 
68 
65 

6e 

58 
54 
51 
44 
39 
29 
18 





" 

"79"* 
73 
6^ 
51 
41 
81 
2Z 



"72"' 
63 
54 
35 
17 



■:::::::; 

....••••. 

L6 
2.0 



2.5 

30 
3.5 
40 



4.5 
5.0 
5.5 
60 
65 



70 

7.6 
8.0 
9.0 

10.0 

64* 
46 
30 
16 

12.0 

14.0 

1 

160 

"75* 

59 

44 

SI 

20 

1 

18.0 
20.0 

25.0 

"72" 

60 

48 

36 

25 

30.0 

350 
400 

45.0 

50.0 

••••••••■ 

,, 

55.0 



61 
51 

600 

75 

Table  V  is  for  use  when  the  encased  thermometer  13  usfd  for  deter- 
mining the  temperature  of  flowing  gas  through  the  welL-mouth.  In 
most  cases  this  observation  may  not  be  required,  as  this  temperature 
can  be  approximated  by  observing  the  well.  When  ice  forms  around 
the  well-pipe  the  temperature  will  be  not  far  from  3i°  F ,  probably, 
though  this  observation  shou.d  be  taken  not  immediately  at  adischarg- 
ing-mouth,  but  some  feet  below. 

The  practice  of  opening  a  cock  for  gas  to  flow  out  from  a  high 
pressure,  in  which  jet  to  insert  the  thermometer,  will  not  answer  by 
any  means,  for  two  reasons :  1st,  because  of  the  great  cooling  of  gas 
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with  sudden  expansion,  and  2d,  because  the  striking  of  gas  particles 
against  th6  thermometer  bulb  will  have  the  effect  to  beat  it,  thus  affect- 
ing the  thermometer  readings  by  two  very  considerable  causes  of  error. 
The  thermometer  may  be  introduced  in  the  well-tube  into  the  gas  itself 
below  the  mouth  for  a  tolerably  close  approximation  to  truth,  but  even 
the  second  cause  named  above  will  to  some  slight  degree  at  least  affect 
the  thermometer.  Probably  the  most  practical  way  for  closely  ap- 
proximating the  temperature  of  flow,  by  other  observations  than  the 
encased  thermometer,  would  be  by  submerging  the  thermometer  bulb  in 
a  puddle  of  water  lying  on  the  bare  well-pipe  below  the  month.  To  do 
this,  get  some  moist  clay  and  form  a  dam  of  it  against  the  pipe  large 
enough  to  receive  the  water,  with  one  side  of  the  pool  of  water  against 
the  pipe  for  vertical  pipes,  or  the  bottom  of  the  pool  on  the  pipe  in 
boriEontal  pipes.  In  this  pool  or  puddle  of  water  place  the  ther- 
mometer bulb  and  allow  it  to  stand  some  minutes  before  observing. 
Thus  the  water  will  take  very  nearly  the  temperature  of  the  pipe,  and 
also  the  thermometer  bulb.  In  this  case  the  temperature  of  the  well- 
pipe  is  assumed  to  be  the  same  as  that  of  the  flowing  gas. 

But  the  encased  thermometer  is  the  only  scientifically  correct  means 
for  determining  the  temperature  of  the  flowing  gas  at  the  well-mouth. 

Examples. 

The  following  examples  are  worked  out  to  illustrate  the  use  of  the 
tables : 

Ist.    Take  Pi  —  Pi  =  10  tta.  per  square  inch  by  Pitot  tube. 

Pi  =  24.6  for  flow  into  atmosphere. 
%.  =.45. 

Temperature  flowing  gas  =  40*^  Fahr. 

Temperature  storage         =  60®  Fahr. 

Diameter  of  pipe  =  4  inches. 

Jhen  by  calculation  with  the  formulas  direct,  we  obtain 
V  =  1453.9  feet  per  second, 
and  V.  day  =  11,180,000  cubic  feet  per  day,  as  obtained  without 
the  use  of  the  tables. 

By  Table  II  we  obtain  for  the  same  example,  the  observed  pressure 
being  pi  —  p,  =  10  lbs. 

V.  day  =  9,428,000  cubic  feet. 

Then  to  correct  this  for  the  specific  gravity  0.45,  the  temperature  of 

87       G. 
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flowing  gas  40^  Fahr.,  and  the  temperature  of  storage  of  50^,  we  obtain 
from  Table  IV  the  multiplier  .188,  additive,  giving  for  the  resalt  sought : 

V.  day  =  9,428,000  +  9,428,000  X  .188 

=11,200,500  cubic  feet  per  day,  which  differs  from  the  calcu- 
lation above  by  only  ^^th,  an  error  of  less  than  a  fifth  of  one  per  cent. 
2d  example.    Observed  pressure  j?,  — P2  =25  fibs.  Pitot  tube^ 

Pj  =  S9.6  lbs.  for  flow  into  air. 
Sp.=  0.8 
Temperature  flowing  gas  =  30**  Fahr. 

Temperature  storage  =  50®  Pabr. 

Diameter  pipe  =    6  inches. 

Then  by  formulas 

V  =  1542.8  feet  per  second. 
V.  day  =  27,231,000  cubic  feet  per  day. 

By  table  II  observed  pressure  being  26  tt>s.,  V.  day  ==  30,425,600 
cubic  feet,  and  from  table  IV  we  obtain  the  multiplier  .102  subtractive, 
and  finally  the  corrected  value  of  V.  day  —  27,322,000  cubic  feet  per 
day,  which  is  in  error  only  a  third  of  one  per  cent. 

3d  example.    The  Karg  well,  Findlay,  O. : 

Observed  pressure     p^  — p^  =  15.  by  Pitot  tube. 

Take  S^.  =  0  6 
Temperature  flowing  gas       =  32°  Fahr. 
•  Temperature  storage  =  50°  Fahr. 

Diameter  pipe  =^  4  inches. 

By  table  II,  V.  day  =  11,107,500  for  a  temperature  of  storage  at  32**. 
Correction  for  temperature  of  storage  at  50°,  table  IV  is  .0366  X 
11,107,500  additive  ==  406,534,  which  added,  gives  V.  day  =  11,514.034 
cubic  feet  per  day.  This  figure  is  less  than  the  previously  published 
figures,  one  reason  being  the  fact  that  the  figure  12  million,  by  calcula 
tion,  was  for  a  temperature  of  storage  of  60°. 

4th  example.    The  Briggs  well,  Findlay,  O. : 

Observed  pressure  p,  —  Pg  =^-  6-^  ^s.  by  Pitot  tube. 

S(jf.  =  0.6. 
Temperature  flowing  gas     =  32°  Fahr. 
Temperature  storage .  =  50°  Fahr. 

Diameter  pipe  =  2J  inches. 

By  table  II,  V.  day  =  2,510.700  cubic  feet  found  by  interpolating 
between  1,959,400  for  a  2-inch  mouth,  and  3,062,000  for  a  2iinch  mouth. 

By  table  IV  the  correction  multiplier  is  .0366,  found  by  interpolat- 
ing fcr  32°  between  the  value  under  30°  and  35°.    The  correction  is 


PIPING  OF  GAS.  679 

then  91,891  cubic  feet,  and  the  corrected  value  V.  day  =  2,602,691  cubic 
feet  per  day. 

6th  example.    Jones  well,  Flndlay,  0. : 

Observed  pressure  =  3.79  inches  by  water  gauge. 

S^.  =  0.6. 

Temperature  flowing  gas  =  32°  Fahr. 

Temperature  storage         =  60®  Fahr. 

Diameter  pipe  =  3f  inches. 

By  table  II,  V.  day  =  871,638  cubic  feet,  found  by  interpolating 
under  d  =  3  inches  between  observed  pressures  of  3  and  4  inches ;  also, 
by  interpolating  likewise  under  d  =  i^  inches,  and  then  interpolating 
between  the  quantities  thus  obtained  for  the  diameter  3f  inches.  Then 
by  table  IV  the  multiplier  is  .0366,  giving  a  correction  -{-  81,903,  and 
the  final  results  for  a  storage  temperature  of  60°,  of  V.  day  =  903,661 
cubic  feet  per  day. 


II.    PIPING    OF   GAS. 

The  recent  rapidly  increasing  demand  for  natural  gas  at  points  com- 
paratively remote  from  the  gas* well  districts  has  led  to  the  piping  of 
gas  to  such  great  distances  as  to  render  a  knowledge  of  the  capacity  of 
long  pipes  for  conducting  gas  a  necessity. 

It  has  been  stated  that  the  quantities  of  gas  transferred  in  these 
long  pipes  considerably  exceeds  the  amount  determined  by  the  ordinary 
formulas  for  calculating  gas-flow  in  pipes. 

The  difficulty  of  obtaining  accurate  results  on  the  flow  has  probably 
delayed  definite  knowledge  on  this  important  subject,  the  chief  difficulty 
consisting  of  close  determination  of  either  the  quantity  of  gas  or  of 
velocity.  Probably  the  simplest  way  for  reasonable  accuracy  is  to  de- 
termine the  velocity  directly  by  means  of  a  Pitot  tube  placed  in  the 
stream  of  gas  as  it  flows  in  the  pipe,  as  suggested  over  a  year  ago,  and 
stated  under  *' applications  "  in  this  chapter. 

Last  spring,  in  accordance  with  this,  some  experiments  were  made 
with  a  Pitot  tube  placed  in  a  pipe-line  leading  into  Fostoria,  by  which 
velocities  were  determined  in  a  6-inch  pipe  under  a  fall  of  pressure  of 
from  one- third  of  a  pound  per  square  inch  per  mile,  up  to  two  pounds 
per  mile,  giving  about  thirty  results  for  the  coefficient  of  friction  of 
natural  gas  in  pipes*  Two  important  facts  were  discovered  from  these 
results.  First,  the  extraordinarily  low  value  of  the  coefficient;  and, 
second,  that  the  smaller  the  fall  of  pressure  per  mile  in  the  pipe,  the 
lower  the  coefficient,  while  for  a  greater  drop  in  pressure  per  mile,  of 
say,  eight  or  ten  pounds  per  square  inch,  the  coefficient  approaches  the 
usually  accepted  value. 
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For  these  experiments  a  portion  of  pipe-line,  three  miles  long  and 
six  inches  in  diameter,  was  selected,  at  each  end  of  which  was  placed 
an  accurate  pressure-gauge  reading  to  single  pounds  and  estimated  to 
quarters,  and  a  Pltot  tube  for  measuring  velocity.  The  gauges  were 
carefully  compared  after  the  experiments  by  placing  them  both  in  com- 
mon on  a  pressure  apparatus,  and  reading  them  simultaneously.  Correc- 
tions were  made  according  to  index  errors  thus  determined. 

The  Pitot  tube  apparatus  at  one  end  was  identically  the  same  as 
that  used  at  the  other  end  of  the  three-mile  length  of  the  pipe-line 
experimented  on.  Each  of  these  consisted  of  two  tubes,  about  i  inch 
diameter,  inclosed  inside  a  14-inch  piece  of  J  inch  gas-pipe,  and  plugged, 
so  as  to  prevent  gas  from  passing  through,  except  in  the  two  small 
pipes.  The  small  pipes  reached  out  about  one  inch  distance  at  one  end 
and  were  dressed  square  and  beveled  out  to  a  sharp  edge.  One  of  these 
ends  was  bent  to  a  right  angle  to  form  the  Pito(  tube-mouth  proper, 
while  the  other  was  left  straight  for  a  ''  side  outlet,"  so  that,  when  the 
containing  tube  of  this  combined  arrangement  was  inserted  at  right 
angles  into  the  pipe-line  main,  the  bent  end  could  be  presented  Fquare 
toward  the  current,  while  the  straight  end  would  serve  as  side  outlet,  as 
for  the  two  openings  in  fig.  5,  at  A  and  B,  respectively.  Then,  by 
properly  directing  the  bent  end,  the  stream  of  gas  in  the  pipe  would 
drive  direct  and  square  against  it,  while  the  straight  end  would  receive 
the  current  square  across,  and  be  uninfluenced  by  the  velocity  of  gas, 
and  thus  the  straight  end  be  influenced  by  only  the  statical  pressure, 
while  the  bent  end  would  be  influenced  by  the  statical  pressure  plus  a 
pressure  due  to  the  velocity  of  the  stream  of  gas,  and  by  which  excess 
the  velocity  was  determined.  The  other  end  of  this  combination  of 
tubes  had  a  U-shaped  water-manometer  attached  to  the  small  tubes,  one 
branch  of  the  manometer  to  one,  and  the  other  branch  to  the  other  small 
pipe.  In  this  way  the  statical  pressure  at  one  month  in  the  stream 
of  gas  is  balanced  by  the  statical  pressure  at  the  other  mouth,  leaving 
to  be  read  off  from  the  manometer  only  the  column  of  water  which  is 
due  to  the  velocity  of  the  current. 

The  containing  tube,  as  above  described,  was  made  smooth  outside 
and  fitted  16  run  through  a  packing  joint  so  that  the  Pitot  tube-mouth 
could  be  put  to  any  point  in  the  diameter  of  the  main  pipe  of  the 
pipe-line. 

To  mount  this  Pltot  tube  apparatus  in  serviceable  connection  with 
the  pipe-main,  a  cock  was  tapped  into  the  main,  through  the  plug  of 
which  cock  the  mouth-end  of  the  Pitot  apparatus  could  be  passed  into 
the  stream  of  gas.    To  the  outer  end  of  this  cock  was  screwed  a  larger 
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pipe  about  six  inches  long,  having  the  packing  joint  above  mentioned 
at  its  outer  end,  through  which  the  Pitot  apparatus  should  slide.  When 
the  cock  was  once  connected  to  the  pipe-main,  it  is  plain  that  the  other 
portion  of  apparatus,  above  described,  could  be  screwed  on  the  cock  and 
the  cock  opened  and  the  Pitot  tube-mouths  inserted  into  the  stream  of 
gas  for  service  in  the  experiments. 

The  pressure-gauge  was  also  connected  to  these  pipes  outside  of  the 
cock  so  that  the  pressure  could  be  read  off  to  the  fraction  of  a  pound. 

In  these  experiments  it  was  necessary  to  have  a  pressure-gauge  at 
each  end  of  the  portion  of  pipe  exp'^rimented  on  but  not  the  Pitot  tube 
apparatus,  the  main  object  of  the  latter  at  each  point  of  observation 
being  to  obtain  a  check  of  one  or  the  other,  and  to  obtain  a  mean  of 
two  readings  for  a  single  result. 

The  results  obtained  from  the  experiments  on  this  3-mile  portion 
of  line  are  given  below,  vz.,  where  pi  =  the  absolute  pressure,  pounds 
per  square-inch,  at  upper  end,  p^  =  absolute  pressure,  pounds  per 
square-inch  at  lower  end  of  the  3  mile  portion  of  pipe,  and  p^  —  p2= 
fall  of  pressure  in  three  miles. 


Table  VI  of  Experimental  Data  Obtained  from  a  Three  mile  Portion  of  a 

6-INCH    PiPB-UNE.* 


it 

pounds. 

pounds. 

Pi  +Pt 
pounds. 

Pi —Pi 
poanos. 

Ck>efBcient 
friction,  ex- 
periment 

Coefficient 
friction,  cal- 
culated. 

Observed 
inches  of 
water  by 
manometer. 

4 
8 

m 

99} 
99} 

m 
m 

83) 
79i 
79J 
79J 
79J 

98t 

98 

98 

98 

96 

96 

8lt 

77 

73J 

78 

78 

1971 
197J 
197} 
179} 

im 

192} 

165 

166i 

162} 

162i 

im 

1 

U 

1* 

u 

2i 
2* 
2t 
6} 
6i 
6t 

.0025 
.0030 
.0087 
.0048 
.0062 
.0069 
.0068 
.0042 
.0070 
.0060 
.0048 

.0028 

0.16 
0.16 

7 

0.16 

8 
8 

.0028 

0.16 
0.16 

1 

.0030 

0.16 
0.17 

1 
1 

.0036 

0.20 
0.30 

1 

050 

1 

.0050 

0.50 

^he  experlmontal  data  of  this  table  were  obtained  by  Mr.  H.  £.  Payne,  M.  E ,  for  use  In  his  gradu- 
ating thesis,  class  ot  *87,  Ohio  State  Unlyersitf. 
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The  values  of  the  coefficient  of  friction  are  seen  from  this  table  to 
fall  rapidly  with  the  fall  of  pressure  per  mile,  it  being  about  up  to  the 
usually  accepted  value  for  one  to  two  pounds  drop  in  the  pressure  per 
mile,  while  for  as  low  a  fall  of  pressure  in  the  pipe  as  one-third  pound 
per  mile,  the  coefficient  goes  down  to  less  than  a  half  of  the  usually 
assumed  value  .006.  This  makes  an  important  difference  in  the  amount 
of  gas  conveyed  by  the  pipe,  since  the  velocity  of  flow  varies  inversely 
as  the  square  root  of  the  coefficient  of  friction,  making  the  cubic  feet  per 
hour  of  actual  and  calculated  flow  differ  as  1.4  to  1  for  coefficients  of 
friction  difiering  as  1  to  2,  thus  making  the  actual  flow  of  gas  in  pipes, 
for  low  drops  of  pressure  per  mile,  greater  by  neary  fifty  per  cent,  than 
results  calculated  by  the  ordinary  formulas. 

The  coefficient  of  friction  is  found  not  to  be  constant  for  either 
water  or  air  in  previous  experiments. 

Thus,  for  values  quoted  in  Van  Nostrand's  Engineering  Magazine,  for 
May,  1881,  page  377,  for  a  lead-pipe,  one  mile  long  and  1.25  inches 
diameter,  conveying  compressed  air  where  the  fall  of  pressure  per  mile 
varied  from  12  to  1.75  pounds,  the  coefficient  of  friction  varied  from  .0054 
to  .0023.  Also  in  experiments  at  the  St.  Gothard  Tunnel,  in  conveying 
compressed  air  through  nearly  3  miles  of  7|-inch  pipe,  and  for  a  fall  of 
pressure  per  mile  varying  from  1.8  to  1  pound,  the  coefficient  ranged 
at  a^bout  .0034,  and  is  nearly  constant.  Data  stati  d  from  preliminaries 
to  use  of  compressed  air  in  the  Mont  Cenis  Tunnel  give  the  coefficient 
of  friction  at  about  .006  and  constant,  but  I  am  not  able  to  determine 
that  these  data  are  all  experimental,  and  believe  that  only  a  very  few  ex- 
perimental results,  if  any,  were  obtained,  and  the  others  stated  by  aid 
of  laws  of  flow  and  constant  coefficient  /,  for  which  reason  those  figures 
are  not  here  quoted. 

When  all  the  above  named  bona  fide  resuUs  of  experiment  are 
plotted  on  a  diagram  where  /  is  made  to  vary  as  velocity,  or  as  fall  of 
pressure  per  mile,  or  otherwise,  they  will  not  plot  close  to  any  curve,  and 
probably  as  good  an  expression  for  /'as  can  be  found  from  these  experi- 
mental data  is  the  empirical  one. 

f=.0OO5Sv^  (24) 

The  calculated  values  of  /,  given  in  Table  VI,  are  from  this 
formula. 

The  agreement  of  the  calculated  coefficients  /  with  those  obtained 
from  observation  does  not  appear  as  close  as  desirable,  but  the  fact  of 
the  delicacy  of  the  experiments  should  be  kept  in  mind.  For  instance, 
where  the  diSerence  of  pressure  at  points  in  a  pipe  three  miles  apart 
is  only  from  one  to  two  pounds  for  an  absolute  pressure  of  nearly  100 
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pounds  per  square  inch ;  also  where  the  static  pressure  of  the  stream  of 
gas  is  equivalent  to  a  column  of  water  of  200  feet,  while  the  column 
measured  as  due  to  velocity  is  only  from  .15  to  .5  inch  of  water;  the 
oare  and  precision  required  in  obtainiog  results,  showing  in  every 
respect  favorably,  are  seen  to  be  great,  and  irregularities  of  results  may 
CLot  seem  strange.  In  such  case  great  accuracy  is  only  obtained  from 
averaging  a  long  series  of  observations.  Unaccountable  discrepancies 
are  also  found  in  the  coefficients  /  found  from  the  St.  Gothard  experi- 
ments. 

The  manometric  columns,  noted  in  Table  VI,  were  obtained  from  the 
velocity  at  the  center  of  the  pipe,  which  velocity  must  be  considerably 
above  the  average  for  the  section,  as  it  is  well  known  that  in  such  a 
stream,  as  a  fluid  in  a  pipe,  the  velocity  is  much  less  at  the  surface  of 
the  pipe  than  in  its  center.  Observations  were  made  at  different  points 
in  the  diameter  by  Mr.  Payne,  and  these,  combined  with  like  experi- 
ments on  the  flow  of  air  in  pipes,  gave  a  result  of  i.7  as  the  ratio  of  the 
manometric  columns  from  which  the  ratio  of  the  maximum  velocity  to 
the  mean  velocity  respectfully  is  to  be  obtained. 

Formulas* 

To  find  the  velocity  from  the  manometric  column  we  have,  for  the 
Pitot  tube,  for  slight  changes  of  pressure  as  in  the  present  case,  the 
relation. 

v^=%lh  (1) 

where  k  is  the  head  to  be  found  in  terms  of  the  fluid  flowing;  that  is,  it 
is  the  height  of  a  column  of  the  fluid  flowing  as  if  of.  uniform  density 
up  to  a  free  surface,  as  in  the  case  of  water  flowing  through  an  orifice. 
When  h  is  given  in  terms  of  water,  as  in  Table  VI,  it  is  to  be  multiplied 
by  the  ratio  of  densities  of  the  water  and  flowing  gas.    That  is 

^  d  (25) 

Thus,  if  the  specific  gravity  of  the  gas  is  0.6,  its  weight  per  cubic 
foot  at  atmospheric  pressure,  and  at  the  temperature  of  melting  ice,  is 

0.0807  X  .6  =  .01842, 

and  for  five  atmospheres  of  abscdute  pressure  as  in  the  lowest  line  in 
Table  VI,  the  weight  per  cubic  foot  will  be 

•01842  X  5  =0.24210, 

And  h  for  the  same  experiment  will  be 

,_.50  62.5         inftf^^f 
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where  the  62.5  is  the  weight  of  a  cubic  foot  of  water,  water  beiikg  the 
fluid  U9ed  in  the  manometer. 

The  velocity  is  V  =  8  i/ioS  =  26.  S  feet  per  second. 

In  this  way  the  velocities  were  obtained  from  whieh  to  calculate 
the  coefiicients  /  of  Table  VI,  except  the  manometer  heads  were  first 
divided  by  1.7  in  order  to  give  the  mean  velocities. 

The  flow  in  long  pipes^  like  natural  gas- pipe  lines,  will  be  approxi- 
mately isothermal;  that  is,  though  the  gas  will  expand  as  it  flows 
along,  and  become  cooled  by  fiuch  expansion,  unless  protected  by  non- 
conductors, yet  in  an  iron  pipe,  buried  in  earth,  the  pipe  can  readily 
impart  heat  to  warm  the  gas  as  it  cools.  The  work  done  by  the  expan- 
sion of  the  gas  will  aid  in  overcoming  the  resistance  to  flow,  as  well  s^ 
the  difference  of  pressure  in  the  pipe  at  opposite  ends.  A  formula,  tak- 
ing account  of  all  the  components  producing  motion^  as  well  as  all  the 
resistances  to  flow  in  a  pipe  for  this  case,  is 


2'9-'8)lS,\[fJ         M  (26) 


where  v  =  mean  velocity  at  "down-stream"  end  of  pipe,  feet  per  second. 

§  =  acceleration  of  gravity  =  32.2  feet. 

d  =  diameter  of  pipe,  in  feet,  inside. 

f  =z  coefficient  of  friction  from  formula  above^ 

I  =  length  of  pipe  in  feet. 

^2  =  weight  per  cubic  ft.  of  flowing  gas  at  down-stieam  end  of  pipe. 

j9^  =r  absolute  pressure  at  upper  end  of  pipe  considered,  pounds 
per  squarefoot. 

P2  =  like  pressure  at  down-stream  end  of  pipe. 

By  putting  the  value  of /from  the  formula  2tf,  in  this  last  equation^ 
we  obtain 

Ald^p^  o.OLm-d  (27) 

P2.  —  Pa  ^2 

v.w=66T^{(a)*-x{A.H(i)A         ^^ 

giving  the  cubic  feet  transferred  by  the  pipe  per  hour,  in  which 
T^  =  the  absolute  temperature  of  melting  ice  =  493^2  Fahi. 
T2  =  "  ^  flowing  gas. 


-^ 
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Tables. 

From  this  formula,  Table  VII  was  calculated,  giving  the  cubic  feet 
of  natural  gas  conveyed  by  a  pipe-line  in  terms  of  the  diameter ;.  and 
fall  of  pressure  per  mile,  divided  by  the  absolute  pressure  of  gas  at  the 
exit  end,  or  at  the  "down-stream"  end  of  that  portion  of  pipe  considered. 

Example  of  the  use  of  Table  VII : 

Fall  of  pressure  for  last  mile,  1.925  pounds.  Gauge  pressure  (ap- 
parent pressure)  at  down-stream  end,  fifty  pounds,  and  diameter  of  pipe^ 
eight  inches. 

1.925  1.92.5        ^^^ 

T^®^    US  +  5b  =  ^6476  =  •^^'^ 
to  look  for  in  the  first  column.    The  figure  is  to  be  found  one-fifth  the 
way  from  the  value  under  eight  inches  and  opposite  .029,  toward  the 
value  opposite  .033,  which  is  28,274  cubic  feet  per  hour. 

To  correct  the  quantities  taken  from  Table  VII  for  other  temper- 
atures and  specific  gravities  of  flow  than  50^  F.,  and  0.6  specific 
gravity,  Table  VIII  of  multipliers  is  to  be  used : 
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TABLE  VIII. 

MULTIPLTKRS  FOB  COBBKCTII^G  QdANTITIBS  TAKBN  FBOM  TaBLB  VII,  FOB  OSR8 

THE  ACTUAL  SPECIFIC  GbAVITY  OF  THE  Ga8  18  NOT  0  6;  AND  ACTUAL  TeMPKRATITRK 

OP  Flowino  Gas  not  fiO°  F. ;  for  obtaining  the  Volume  at  the  Standard 
"Storage  Tempbraturb"  of  50°,  but  which  is  still  at  the  Observed  G^acgk 
PRKSbURB  of  the  **  Down-Stream  "  End  of  Pipe.  To  change  this  VoLUirx  to 
that  at  Atmospheric  Prissurb,  or  to  that  at  any  Standabd  "Service  Pres- 
sure/' SEE  Table  IX. 

To  Dse  this  table,  multiply  the  quantity  from  Table  VII  by  the  value  obtaioed 
from  this  table,  and  add  or  subtract,  as  the  case  may  be. 


Observed  Tem- 
perature flow- 
ing gas. 

0.4 

Specific 
.  0.6 

;  gravity  i 
0.6 

:>f  the  gas 
0.7 

(air  bein] 
0.8 

0.9 

1.0 

26 

.199 

.106 

.088 

.019 

.070 

.109 

.143 

80 

.192 

.097 

.026 

.026 

.077 

.114 

.149 

85 

.184 

.091 

.019 

.082 

.088 

.120 

.154 

40 

.177 

.086 

.018 

.088 

.069 

.126 

.159 

46 

.169 

.078 

.007 

.043 

.094 

.181 

.164 

60 

.161 
.164 

.071 
.064 

.000 

.050 
.066 

.100 
.106 

.137 
.142 

.169 

66 

.006 

.174 

60 

,147 

.068 

.011 

.061 

.110 

.147 

.179 

66 

.140 

.062 

.016 

.066 

.116 

.153 

.188 

70 

.183 

.046 

.021 

.071 

.120 

.167 

.187 

76 

.126 

.040 

.026 

.076 

.126 

.162 

.191 

80 

.120 

.084 

.082 

.081 

.180 

.167 

.196 

add  corrc 

'ction. 

subtract  correction. 

Example  of  use  of  Table  VIII:  let.  Correct  the  value  28.274 
cubic  feet  of  the  above  example  for  a  temperature  of  flowing  gas  of  60°, 

Then  the  correct  value  is  28,274  —  28,274  X  .Oil  =  28,274  — 
311  =  27,963  for  the  correct  cubic  feet  per  hour  at  60"*  F.,  and  at  the  ob- 
served pressure. 

2d.  Suppose  the  temperature  of  flow  were  39^  F.  and  the  specific 
gravity  of  gas  were  0  8,  then  the  multiplier  from  Table  VIII  is  .088, 
and  to  correct  the  above  cubic  feet  per  hour  we  have  the  correction 
=  28,274  X  .088  =  2477,  subtractive,  and  hence  the  corrected  cubic 
feet  per  hour  is  25,797  cubic  feet,  also  at  50*  F.,  and  observed  pressure 
(apparent)  by  gauge  of  50  pounds. 

It  is  to  be  noted  that  the  gas,  as  above  determined,  is  at  the  observed 
pressure  of  the  flowing  gas  at  the  down-stream  end  of  the  portion  of 
pipe-line  observed,  and  hence,  if  this  pressure  is  considerable,  the 
density  of  the  gas  may  be  several  times  as  great  as  it  would  be  if  at 
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atmospheric  presBure.  Table  IX  is  introdaced  to  make  correction  for 
this,  and  to  reduce  the  gas  to  the  *' storage  pressure"  of  the  atmosphere 
as  though  the  gas  were  stored  in  an  ordinary  gas  holder. 

In  practice  it  may  be  desirable  to  supply  the  gas  to  consumers  by 
meter,  and  at  a  pressure  of  one  pound  or  four  pounds,  etc.,  per  square- 
inch,  as  the  case  may  be. 

Table  IX  may  be  used  to  reduce  to  any  such  specified  pressure,  by 
correcting  back  from  atmospheric  pressure  to  the  one  pound  or  four 
pounds,  etc. 

Thus  suppose  an  observed  pressure  of  fifty  pounds.  Then  multiply 
by  4.425  reducing  to  atmospheric  pressure.  Then  divide  by  1.274  to 
correct  back  to  a  service  pressure  of  four  pounds  per  square  inch. 

TABLE  IX. 
Multipliers  Changikg  the  Vol.  of  Gas  pbom  that  at  the  Observed  pRESKrRB  at 

THE  **  D0WN-fi*TREAM"  END  OF  PiPE,  AS  GiVEN  BY  TaBLKS  VII  AND  VlIF,  TO  TH\T  AT 

Atmospheric  Fre^ube  as  though  Stored  in  a  Gas-holder.  Thus,  if  the  Ob- 
served Prbssurb  i»  80  Pounds,  Tables  VII  and  VIII  give  only  about  One-third 
the  Atmospheric  Volume. 


Observed  pressure 
by  gauge  at  down- 
stream end. 

Multiplier  to  give 
volume,  at  atmos- 
pberic  pressure. 

Observed  pressure 
by  gauge  at  down- 
stream end. 

MnltipHer  to  give 
volume  at  atmos- 
pheric pressure. 

Observed  pressure 
by  gauge  at  down- 
stream end. 

Multiplier  to  ffive 
volume  at  atmos- 
pheric pressure. 

Observed  pressure 
by  gauge  at  down- 
stream end. 

Multiplier  to  give 
volume  at  atmos- 
pheric pressure. 

2 

1.187 

30 

8.055 

70 

5.795 

180 

18.330 

4 

1.274 

32 

B.192 

75 

6.187 

190 

14.015 

6 

1.411 

84 

8.829 

80 

6480 

200 

14.700 

8 

1.648 

36 

8466 

85 

6.822 

220 

16.070 

10 

1.685 

88 

8.603 

90 

7.165 

240 

17.440 

13 

1.822 

40 

3.740 

95 

7.507 

260 

18  810 

14 

1.959 

42 

3.877 

100 

7.850 

280 

20.180 

16 

2.096 

44 

4.014 

110 

8  535 

800 

s   21.560 

18 

2.288 

46 

4.15  L 

120 

9.220 

320 

22.920 

20 

2.870 

48 

4.288 

130 

9.903 

840 

24.290 

22 

2.607 

60 

4.425 

140 

10.590 

360 

25660 

24 

2.644 

65 

4.767 

150 

11.275 

400 

28.400 

26 

2.781 

60 

5.110 

160 

11960 

450 

81.825 

28 

2.918 

65 

5.452 

170 

12.645 

500 

35.250 
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To  explain  Table  X  more  fully,  it  should  be  noted  that  this,  as 
well  as  Tables  VII  and  VIII,  are  only  applicable  to  a  pipe-line  of  uni- 
form size  for  the  length  considered,  and  for  the  suppositions  of  uniformity 
or  continuity  of  flow. 

In  working  out  a  long  pipe-line  of  several  sizes  of  pipe,  each  size 
must  be  taken  by  itself,  and  the  several  results  of  fall  of  pressure  for 
each  added. 

In  the  first  column  of  the  Tables  VII  and  X  the  same  figures  are 
intentionally  given  for  the  purpose  of  facilitating  passing  from  one 
table  to  the  other,  thus  connecting  more  directly  the  diameter  of  pipe 
and  cubic  feet  of  discharge,  with  the  length  and  total  fall  of  pressure. 

To  show  the  application  of  the  tables  the  following  examples  are 
given: 

1st.  Example :  Required  the  cubic  feet  of  g^  discharged  by  a 
pipe-line  twenty  miles  long  and  six  inches  in  diameter  throughout, 
where  the  fall  of  gauge-pressure  is  from  200  pounds  per  square-inch  to 
40  pounds  per  square-inch  j  the  forty  pounds  being,  of  course,  marked 
by  the  gauge  at  the  down  stream  end  of  the  pipe-line,  and  the  tem- 
perature of  flowing  gas  being  taken  at  50^  Fahr. 

The  total  fall  of  pressure  is  200  —  40  =  160  pounds;  and  this,  di- 

160 
vided  by  14.6  +  40  =54.6,  is  g^  =  2.936,  which  figure  is  to  be  looked 

for  in  Table  X  in  the  column  under  the  stated  length  twenty  miles. 
It  lies  between  the  figures  2.786  and  4.012,  and  about  one-eighth  the  way 
from  the  first  toward  the  second.  Hence,  the  figure  in  the  first  column 
will  be  one-eighth  the  way  from  .291  toward  .486.  Passing  to  Table  VII 
we  find  the  same  figures  in  the  first  column.  Hence,  the  required  cubic 
feet  is  at  the  one-eighth  point  between  the  two  lower  values  of  the  table, 
and  under  the  stated  diameter  six  inches.  Hence,  the  cubic  feet  dis- 
charged by  the  pipe  per  hour  is  36,257- 

But  it  is  to  be  observed  that  this  volume  is  at  the  temperature  of 
50**  Fahr.,  and  at  the  gauge-pressure  of  forty  pounds  per  square-inch,  as 
the  volume  given  by  Table  VII  is  at  the  pressure  of  the  flowing  gas  at 
the  down  stream  end  of  pipe,  forty  pounds  by  gauge  in  this  case. 

To  change  this  to  the  volume  at  atmospheric  pressure,  or  ^'storage 
pressure.'*  Tables  IX  gives  the  multiplier,  3.740,  which,  multiplied  by 
the  above  volume  35,257,  gives  131,861  cubic  feet  per  hour,  as  the 
volume  of  gas  that  would  be  discharged  by  the  pipe-line  into  a  gas- 
holder at  atmospheric  pressure  and  at  a  temperature  of  50^  Fahr. 

2d.  Example :  Required  the  fall  of  pressure  in  a  pipe-line  eighty 
miles  long  and  eighteen  inches  in  diameter  that  will  deliver  6,561,285 
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cubic  feet  per  hour  of  gas  at  atmospheric  pressure,  and  50^  temperature, 
the  gauge-pressure  at  the  down  stream  end  of  pipe  being  taken  at  200 
pounds  per  equare-inch. 

To  change  this  atmospheric  pressure-volume  to  that  of  200  pounds 
by  gauge,  Table  IX  gives  the  multiplier  14.7,  which  is  now  to  be  used  as 
a  divisor.  Dividing  and  we  obtain  446,550  cubic  feet  for  the  volume 
per  hour  at  the  200-pound  gauge-prossure. 

Table  VII,  in  the  column  under  eighteen  inches  diameter,  gives  the 
figure  446,550  in  the  third  line  from  the  bottom,  and  opposite  the  figure 
.272  in  the  first  column. 

Then,  looking  in  Table  X,  opposite  the  first  column  fiorure  .272,  and 
in  the  column  for  the  stated  length  of  line,  eighty  miles,  we  find  the 
value  6.094,  which  is  to  be  multiplied  by  the  200  pounds  gauge  pressure 
plus  14.6  pounds  =  214.6  pounds  or  214.6  X  6.094  =  1308.  pounds,  as 
the  fall  of  pressure  for  the  eighty  miles  of  eighteen-inch  pipe-line. 
Adding  the  200  pounds  and  we  obtain  the  1,508  pounds  gauge  pressure 
for  the  gas  at  entrance  into  the  eighty  mile-line. 

3d  example:  Pipe-line  in  two  sizes,  viz.,  forty  miles  of  four-inch 
pipe  discharging  into  twenty  miles  of  six-inch  pipe. 

Gauge  pressure  at  delivery  end  of  six-inch  pipe,  thirty  pounds ; 
cubic  feet  discharged  40,000  per  hour  at  atmospheric  pressure  and 
temperature  of  50"*  Fahr. 

Temperature  of  flowing  gas  in  the  pipes  65^,  and  specific  gravity  of 
gas,  0.8. 

Table  IX,  multiplier  =  3.055.  Dividing  40,000,  gives  13,098  cubic 
feet  at  thirty  pounds  pressure  and  50^  temperature. 

Table  VIII  multiplier  for  65°  temperature  of  flow  and  0.8  specific 
gravity  is  .115,  and  the  correction  13,098  X  .115  =  1,470,  which  we  now 
add,  because  working  backwards  relative  to  application  of  Table  VIII, 
giving  14,568  cubic  feet  to  be  discharged  at  the  lower  end  of  the  six-inch 
pipe  at  the  gauge  pressure  thirty  pounds  and  temperature  65°  Fahr. 

Table  VII,  under  six-inch  pipe,  the  figure  14,568  comes  opposite  the 
value  .031  in  first  column. 

Table  X,  under  twenty  miles,  we  find  just  above  top  figure  opposite 
.031  the  value  .176.  Fall  of  pressure  in  the  twenty  mile  six-inch  pipe 
=  (30  +  14.6)  X  .176  =  7.85  pounds. 

Gauge  pressure  at  upper  end  of  six-inch  pipe  or  lower  end  of  four- 
inch  pipe  =  87.86  pounds,  and  the  cubic  feet,  by  aid  of  Table  IX, 

38     G. 
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Table  VII,  under  foar-inch  pipe,  the  figure  11,760  comes  opposite 
the  value  .222  in  the  first  column. 

Table  X,  opposite  .222  and  under  forty  miles,  we  get  3,560  to  multi- 
ply into  37.85  to  give  the  fall  of  pressure  in  the  four-inch  pipe,  which 
=  135.  pounds. 

Hence,  gauge  pressure  at  entrance  into  the  four-inch  pipe  =  136  + 
37.85  =  172.85  pounds.  Total  fall  of  pressure  in  both  pipes  =  135.  +  7.85 
=  142.85  pounds. 

Acknowledgments  are  due  to  B.  G.  Lamme,  a  student  in  the  Depart- 
ment of  Mechanical  Engineering  in  the  State  University,  for  efficient 
aid  in  working  out  most  of  the  tables  of  this  chapter. 


CHAPTER   X. 

THE   PITTSBURGH   COAL   SEAM    IN   JEFFERSON,    BELMONT 
AND   GUERNSEY   COUNTIES. 


By  Pbofessob  G.  Newton  Bbown,  Ohio  Statb  Univxbsitt. 


The  Pittsburgh  coal  seam  (No.  8  coial  of  Newberry's  scale)  is  the 
most  important  found  in  the  Upper  Coal  Measures  of  the  state.  It  lies 
from  190  feet  to  210  feet  above  the  Ames  or  Crinoidal  limestone,  and 
from  80  feet  to  100  feet  below  the  Meigs  Creek  coal,  and  forms  the  base 
of  the  Upper  Coal  Measure?. 

There  are  two  areas  in  the  state  where  it  is  mined  in  a  large  way, 
both  for  local  use  and  shipment  by  railway  and  river.  The  largest  and 
most  important  of  these  cover  parts  of  Jefferson,  Harrison,  Belmont 
and  Guernsey  counties.  The  other  covers  parts  of  Athens,  Meigs  and 
Gallia  counties,  where  it  is  known  as  the  Pomeroy  coal.  Only  that 
portion  in  Jefferson,  Belmont  and  Guernsey  counties  is  touched  in  this 
chapter. 

Through  this  area  the  coal  is  remarkable  for  its  regularity  in 
quality,  thickness,  structure  and  freedom  from  wante,  clay-veins  and 
horse-backs. 

There  are  usually  two  partings  that  divide  the  seam  into  three 
benches.  The  lower  parting — ^from  twelve  to  fourteen  inches  from  the 
bottom — is  a  thin,  black  slate,  sometimes  carrying  balls  of  pyrites  in  it. 

The  other  parting  is  at,  or  a  little  above,  the  center.  It  is  usually 
made  up  of  two  bands  of  clay  with  two  to  four  inches  of  coal  between 
them,  the  entire  parting  being  from  five  to  six  inches  thick.  The  bear- 
ing-in  is  frequently  made  at  this  place. 

There  is  a  coal  from  one  to  three  feet  thick,  of  poor  quality,  above 
the  main  coal  and  separated  from  it  by  about  twelve  inches  of  clay. 
The  clay  comes  down  as  soon  as  the  main  coal  is  mined  out  and  the 
thin  coal  above  left  for  a  roof.  Above  the  roof  coal  is  a  bed  of  clay  shale 
several  feet  thick,  and  under  the  main  coal  is  a  thin  bed  of  clay  under- 
laid by  a  bed  oi  non-fossiliferous  limestone. 

This  coal-field  is  crossed  by  five  lines  of  railroad  and  bounded  on 
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the  east  by  the  Ohio  River,  so  that  there  are  ample  facilities  for  puttini^ 
this  coal  in  any  of  the  northern,  western  or  southern  xparkets. 

The  coal  is  used  mostly  for  household  fuel,  steam  generation,  Ras- 
making,  and  in  the  manufacture  of  glass,  pottery  and  iron.  Little  of  it 
is  worked  into  coke  or  used  for  smelting  iron. 

The  facts  pertaining  to  the  distribution  of  this  seam  are  shown  in 
the  map  that  accompanies  this  volume. 

Jeffebson  County. 

Knox  TWtwAtp.— The  most  northern  showing  of  the  Pittsburgh 
coal,  in  Jefferson  county,  is  found  in  Knox  township  in  '  the  high 
land  south  of  Yellow  Creek.  At  Knoxville,  and  a  short  distance  north- 
east in  the  highest  hill-tops  towards  McCoy's  station,  are  found  small 
areas  of  the  coal.  It  has  a  light  covering  and  gives  but  little  good 
clean  coal.  The  thickness  given  is  about  four  feet  with  the  usual 
partings. 

Ross  Township, — There  is  a  small  number  of  isolated  areas  of  this 
coal  along  the  south  side  of  Ross  township,  in  Bacon  Ridge,  between 
Long  Ran  and  Town  Fork  of  Yellow  Creek,  extending  into  the  north- 
west corner  of  Salem  township. 

Springfield  Township.— 'Sesir  East  Springfield  the  ridge  carries  several 
good -sized  outliers  of  coal.  The  coal  here  is  near  the  top  of  the  hill.  It 
has  been  worked  for  the  local  trade  for  a  number  of  years,  and  is  re- 
ported as  being  about  four  feet  thick.  The  same  ridge  als  i  extends  past 
East  Springfield  through  the  southeast  corner  of  Springfield  township^ 
and  contains  a  few  small  areas  of  the  coal. 

Salem  Tovmship — At  Richmond,  in  the  eastern  part  of  Salem  town- 
ship, is  found  a  considerable  area  of  the  coal.  This  is  a  high  point 
from  which  the  water  fl^ws  into  Yellow  Creek,  Island  Creek  and  Cross 
Creek.  A  few  mines  about  Richmond  supply  the  local  trade  and  much 
of  the  southern  and  western  parts  of  the  township.  In  S.  W.  quarter^ 
section  3,  Salem  township,  the  following  section  was  measured  : 

Hill  above  coal About  50  feet 

Roof  coal . 

Soap  stone »  About  24  inches. 

Coal 20-81  inches. 

Clay 1  inch. 

Coal 8  inchea. 

Slate t-iinch. 

Coal 14  inches. 

Black  slate J  inch. 

Goal 12  inches. 

Clay . 
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Above  the  coal  the  following  section  was  taken  with  the  barometer : 

Olay  shale 10  feet  or  more. 

Ooal 12-24  inches. 

Limestone 20-25  feet. 

Roof  coal 

Just  east  of  Richmond  the  coal  was  seen  with  the  same  thick  bed  of 
limestone  over  it. 

Island  Creek  Tovmship  has  the  coal  in  three  high  ridges  in  the  south- 
western part,  a  few  outliers  in  the  northwest  corner,  and  a  number  of 
small,  unimportant  areas  in  the  central  part,  between  Island  Creek  tind 
north  branch  of  Wills  Creek.  The  coal  is  usually  reported  four  feet  thick, 
but  is  sometimes  less.  The  bed  of  limestone  and  coal  blossom  above  the 
No.  8  coal  was  noticed  through  this  township. 

Wayne  Township, — None  of  the  Pitleburgh  coal  is  found  north  of  the 
P.,  C.  &  St.  L.  Ry.  in  this  township,  but  all  the  high  ridges  south  of  the 
railroad  contain  it.  It  is  opened  for  local  use  at  many  points  in  the  town- 
ship. The  coal  is  reported  at  from  4  feet  2  inches  to  4  feet  10  inches  in 
thickness  in  the  western  part.  The  roof  coal  is  sometimes  wanting,  but 
usually  the  coal  with  its  partings  and  roof  is  very  regular.  In  some 
mines  many  balls  of  pyrites  are  found,  while  in  others  they  are  rare. 
They  can  usually  be  easily  separated  from  the  coal.  Although  Wayne 
township  shows  a  large  area  of  coal,  the  proportion  of  poor  crop  coal  to 
the  good  coal  is  very  large ;  for  the  coal  is  so  near  the  tops  of  the  hills 
and  the  slopes  are  so  flat  that  it  requires  a  considerable  distance  to  get 
under  good  cover. 

Cross  Creek  Tovmship.— All  of  this  township  except  the  northwest 
quarter  is  very  well  supplied  with  the  Pittsburgh  coal.  It  is  high  in  the 
hills  and  seldom  has  more  than  100  feet  of  cover.  It  is  mined  at  Winters- 
ville,  on  the  north  line  of  the  township,  by  a  shaft  about  seventy  feet 
deep,  which  shows  the  following  section : 

Earth « « 10  feet. 

Shale 20  " 

Coal 1  " 

Shale ..-  24  " 

limestone 16  " 

CoalNo.8,  roof  coal,  etc «    7  " 

Olay 1  '* 

Limestone 1  " 

The  bed  of  limestone  and  shale  above  the  coal  is  found  throughout 
th^  northern  part  of  this  township.  The  Ames  limestone  is  found  4  to  6 
feet  thick  in  sections  36  and  86  of  this  township.  It  is  also  found  in  the 
sastern  part,  but  is  not  so  well  shown.    It  is  by  barometer  from  200  to 
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225  feet  below  the  Pittsburgh  coal.  The  coal  has  been  worked  at  a  number 
of  points  in  the  southeastern  part  for  local  use,  and  also  for  the  village  of 
New  Alexandria.  It  is  reported  from  4  to  5  feet  thick,  with  the  usual 
partings  and  roof  coal.  The  most  of  the  pyrites  is  here  found  near  the 
lower  parting,  where  it  is  also  found  farther  south  in  both  Jefferson  and 
Belmont  counties. 

SteubenvUle  Township.— The  largest  area  of  Pittsburgh  coal  in  this  town- 
ship is  in  sections  83,  34, 27  and  28,  and  a  few  acres  in  35, 31  and  32.  It  is 
reported  that  all  the  coal  has  been  worked  out  of  section  28,  and  much 
of  it  from  27  and  33.  It  has  been  worked  for  many  years  for  use  in  Steu- 
benville  and  Mingo.  A  few  mines  in  sections  34  and  35  and  in  the  edge 
of  Cross  Creek  township  still  find  a  market  for  their  coal  in  Steubenville, 
and  in  the  villages  of  Fisherville  and  Jeffersonville.  At  Tweed's  mine,  in 
N.  W.  quarter  section  34,  the  following  section  was  measured : 

Coal  (reported)  6  feet  above  top  of  main  vein... 8  inches. 

Clay  shale 8-4  feet 

Roof  coal... 2-8    *• 

Soapstoneor  clay : average  12  inches. 

Hard  blAck  slate 0-4    " 

Coal 26J    " 

Slate  parting i-l4  " 

Coal « 2 

Black  slate. - J-2     " 

Coal 16      « 

Black  elate J  inch. 

Coal..... «.  12*   in's. 

Clay *-.. 4 

Limestone 6-8     " 

Clay 6 

limestone.. exposed  86      " 

The  limestone  over  the  coal  does  not  appear  here,  although  it  was 
seen  in  the  southern  part  of  the  township.  This  mine  has  been  opened 
but  a  short  time,  and  has  but  a  few  rooms  turned.  Three  clay  veins 
have  been  found,  but  no  '*  horsebacks."  The  soapstone  or  clay  over  the 
coal  is  taken  down  as  fast  as  the  coal  is  removed ;  it  is  full  of  slips  or 
'^slickensides,"  and  makes  a  very  dangerous  roof.  The  roof  coal  makes 
a  very  excellent  roof.  Rooms  have  been  driven  24  feet  wide  with  few 
and  very  light  posts,  which  have  been  standing  more  than  a  year,  and 
show  no  signs  of  failing,  although  there  are  but  50  to  75  feet  of  cover 
over  the  coal.  Pyrites  balls  are  found,  mostly  in  the  top  bench  that  is 
26  inches  thick.  When  pyrites  is  found  in  the  lower  part  of  the  coal  it 
is  usually  in  the  black  slate  parting,  12  inches  from  the  bottom.  At 
many  of  the  mines  about  Steubenville  the  pyrites  is  carefully  picked 
out  and  sold  to  the  'copperas  works  at  Fisherville.  It  is  worth  8  cents 
a  bushel  at  the  mouth  of  the  mine. 


6  feet 
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The  bearing-ill  is  made  in  the  central  double  parting  and  thin  coal. 
The  bottom  is  then  shot  and  the  top  is  wedged  down.  It  is  a  good  gas 
coal  and  cokes  fairly,  but  contains  considerable  sulphur.  Little  or 
nothing  is  done  in  the  way  of  coking  it.  Most  of  the  slack  is  used  for 
steam  coal.  The  coal  is  very  near  the  top  of  the  high  and  very 
steep  hills,  and  that  makes  the  mines  difficult  of  access  with  wagons. 
Several  of  the  miners  on  Permar's  Run  have  put  up  inclines  and  deliver 
the  coal  at  the  foot  of  the  hill.  The  incline  has  three  rails  all  the  way 
down,  except  at  the  central  part,  where  an  automatic  switch  enables  the 
loaded  and  empty  cars  to  pass.  The  loaded  cars  pull  the  empty  ones 
back  to  the  top.  The  Ames  Limestone  is  found  at  several  points  back 
of  Steubenville  and  Mingo.  It  is  by  barometer  from  210  to  220  feet 
below  the  coal.  On  Farmer's  land  at  the  centre  of  section  26 
this  limestone  is  found  twelve  inches  thick.  It  is  here  113  feet 
above  the  C.  &  P.  R.  R.  track  at  Mingo  Junction.  On  land  belonging  to 
Spaulding,  Wood  &  Co.,  in  the  southern  part  of  section  28,  it  is  found 
in  the  bed  of  a  small  run,  and  measures  from  eighteen  to  twenty-four 
inches  thick  and  128  feet  above  the  C.  &  P.  R.  R.  track  at  Mingo 
Junction.  These  elevations  were  determined  by  the  engineer's  level  and 
show  a  dip  of  fifteen  feet  in  a  distance  of  one  and  two-thirds  miles  due 
south. 

Wdk  Township. — The  larger  part  of  this  township  holds  the  Pitts- 
burgh coal,  although  it  is  very  high  in  the  hills.  It  has  the  usual  roof  coal 
separated  from  the  main  seam  by  the  bed  of  soapstone  about  twelve  inches 
thick.  The  roof  coal  varies  considerably  in  thickness,  ranging  from  six 
inches  to  five  feet  in  different  parts  of  the  township;  the  usual  thickness 
is  from  twelve  inches  to  twenty-four  inches.  The  main  coal  has  the 
double  parting  near  the  centre  and  the  small  slate  parting  twelve  inches 
to  fourteen  inches  from  the  bottom.  The  entire  seam  ranges  from  four 
feet  four  inches  to  five  feet  thick.  On  Mrs.  Riddle's  land  near  the  centre 
of  section  four,  the  coal  is  reported  four  feet  six  inches  thick,  and 
is  522  feet  above  the  C.  &  P.  R.  R.  track  at  Riddle  Station.  At  Brilliant 
the  coal  at  Gilchrist's  Coal  Works  is  reported  five  feet  thick  and  having 
the  usual  parting.  The  roof  coal  is  twelve  inches  above  the  main  coal. 
The  coal  is  here  343  feet  above  the  C.  &  P.  R.  R.  track  at  Brilliant 
Station. 

The  analysis  of  this  coal  is  as  follows :     (Lord) 

Moistare 1.88 

Volatile  oombastible  matter 40.06 

Fixed  carbon 60.09 

Aflh.. 7.02 

Sulphur 3.31 
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In  the  small  run  back  of  Brilliant  the  Ames  limestone  is  five  feet 
thick  in  three  ledges  and  has  been  worked  and  burned  for  lime.  The 
lime  was  of  poor  quality,  but  that  may  have  been  due  to  the  method  of 
burning  and  testing  it,  which  is  reported  to  have  been  quite  crude. 
The  top  of  the  Ames  limestone  is  105  feet  above  the  track  at  Brilliant 
Station.  The  Pittsburgh  coal  is  therefore  238  feet  by  the  engineer's  level 
above  the  Ames  limestone.  Near  the  north  line  of  section  30  the 
Ames  limestone  was  found  exposed  four  feet  and  the  top  was  119  feet 
above  the  track  at  Brilliant  Station.  This  shows  a  fall  of  thirteen  feet 
in  a  s.  B.  w.  direction  in  about  one  and  one-third  miles. 

SmUhfiM  Township  gives  the  best  showing  of  the  Pittsburgh  coal  to  be 
found  in  the  county.  Owing  to  the  fact  that  the  strata  and  the  streams 
rise  in  the  same  direction  and  at  very  nearly  the  same  rate,  the  streams 
rising  a  little  the  faster,  the  coal  is  available  in  all  parts  of  the 
township.  A  compi^atively  small  part  of  the  coal  has  been  eroded  as 
the  streams  flow  in  deep,  narrow  valleys.  Piney  Fork  of  Short  Creek 
flows  through  the  township  in  an  almost  straight  line  from  the  north- 
west to  the  southeast  corner,  and  cuts  the  coal  throughout  the  township. 
At  the  northwest  corner  the  coal  is  about  thirty  to  forty  feet  above  the 
stream,  and  at  the  southeast  about  100  feet  above  it.  The  hills  rise  from 
200  to  260  feet  above  the  coal,  thus  giving  plenty  of  cover,  and  as  the 
sides  are  steep,  little  crop  coal. 

At  the  south  side  of  section  83,  on  Russel's  land,  the  coal  gives 
the  following  section : 

Roof  shale 

Roof  coaL 2-4   inches. 

Ciay,etc 10  " 

Bone  cool 2  " 

Goal 28 

Hlate  parting 2  "      l   ,1  #«.  «  «„ 

Goal.... 16  «       I-   4  ft  6  m. 

Parting.. 1  inch. 

Coal 9  inches. 

Olay 

On  Newlin's  land,  S.  W.  quarter  section  29;  the  coal  measured  as 
follows : 

Shale.. 

Roof  coaJ.. 18  inches. 

Clay  12       " 

Coal 27       " 

Slate  parting 2         " 

Coal 10       " 

Thin  parting 

Goal 20  inches. 

Olay— not  measared.. 
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In  N.  E.  quarter  section  28,  two  coal  blossoms  were  noticed  above 
the  Pittsburgh  coal,  one  twenty*two  feet  and  the  other  101  feet  above  the 
bottom  of  the  coal.  There  may  have  been  another  between  these  two, 
but  it  was  not  well  marked. 

In  3.  W.  quarter  section  10,  the  following  section  was  measured 
with  the  hand-level,  the  figures  indicating  heights  above  the  bottom  of 
the  Pittsburgh  seam : 

Goal,  18  inches,  well  shown 86      feet. 

Clay  shale 70-85  " 

Black  shale,  thin 70  " 

fClay ) 

Shales]  Calcareous...  \ 44-70  " 

i  Sandy,  etc ...  J 

Limestone 87-44  " 

Clay  shale 26-87  ** 

Unseen 9-26  " 

Top  of  roof  coal 9  " 

Bottom  of  main  seam 

In  S.  W.  quarter  section  15,  a  coal  twelve  inches  thick  was  found 
by  the  hand-level  to  be  twenty-nine  feet  above  the  bottom  of  the  Pitts* 
burgh  coal.  No  coal  blossoms  were  noticed  above  this,  although  the  con 
ditions  of  the  place  were  favorable  for  exposures. 

In  N.  W.  quarter  section  22,  the  following  section  was  obtained  : 

Shale -  ... 

Roof  coal 24  inches. 

Shale  or  clay 8-12  " 

Coal 27     * 

Clay  parting,  thin ~ 

Coal 2      " 

Slate  parting,  thin }-  4  feet  8)  inches. 

Coal 14     '^ 

Thin  parting ...      *' 

Coal - 12J    " 

Clay 

In  N.  E.  quarter  section  22,  on  H.  G.  Finley's  land,  at  an  old 
mine,  the  following  section  was  measured  : 

Shale,  clay  and  sandy 10  feet,  exposed. 

Coal 26  inches. 

Clay,  thin 

Limestone 2  feet. 

Clay  shale 11    *' 

Roof  coal 80  inches. 

Slate 2 

Coal  8       « 

Clay  or  soapstone 12       " 

Black  slate  :.. 1  inch. 
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Goal 88  inches. 

Parting i  inch. 

Coal li  inches. 

Parting ^    i  inch.       |-  4  feet  10  inches. 

Coal 16  inches. 

Slate  parting i  inch. 

Goal 12  inches. 

Glay 

limestone ... 

A  little  pyrites  was  noticed,  most  of  which  was  gathered  at  the^ 
parting  twelve  inches  from  the  bottom.  This  mine  has  been  open  for 
fifty-seven  or  fifty-eight  years,  and  although  in  a  very  bad  place  and 
very  poorly  cared  for,  the  roof,  as  far  as  examined,  showed  no  signs  of 
giving  away.  Many  of  the  rooms  are  twenty-five  to  thirty  feet  span, 
and  the  poets,  have  rotted  away,  yet  the  roof  remains  perfect. 

The  coal  is  mined  near  the  centre  of  section  11,  by  means  of  a^ 
shallow  shaft;  it  is  for  the  market  at  Smithfield.  It  has  the  usual 
thickness  and  partings.  The  coal  is  opened  on  Mclntire  Creek,  in  the 
northeast  corner  of  the  township,  where  its  thickness  is  reported  about- 
four  feet  six  inches. 

At  Adena  is  one  of  the  finest  showings  of  the  Ames  limestone  tor 
be  found  in  this  part  of  the  county.  The  stone  is  two  to  four  feet  thick, 
and  paves  the  bed  of  the  North  Fork  of  Short  Creek  at  its  mouth.  It  is 
of  light-gray  color,  and  is  highly  fossiliferous.  At  this  place  the  interval 
between  the  Ames  limestone,  and  the  Pittsburgh  coal  is  almost  entirely 
filled  with  sandy  shales.  The  Ames  limestone  is  not  found  again  down 
Short  Creek  within  this  township. 

Mt.  Pleasant  Township, — The  surface  of  this  township  lies  very  high^ 
as  it  makes  the  dividing  ridge  between  the  waters  of  Short  Creek  on  the 
north  and  Little  Short  Creek  and  Wheeling  Creek  on  the  south.  The 
only  place  where  the  Pittsburgh  coal  crops  out  is  in  the  northern  row  of 
sections  along  Short  Creek  and  its  branches,  the  largest  of  which  is  Longr 
Rue  In  the  southern  edge  of  the  township  the  coal  can  be  reached  by 
dHallow  shafts  in  the  va  leys  of  the  branches  of  Little  Short  Creek  and 
Wheeling  Creek.  Where  the  coal  shows  on  Short  Creek  and  Long  Run 
it  is  reported  as  five  to  five  and  one-half  feet  thick.  At  several  points 
the  double  parting  near  the  centre  has  been  replaced  by  a  single  thin 
parting.  In  this  way  from  four  to  six  inches  of  good  coal  have  been 
added  to  the  top  bench.  The  two  lower  benches  and  the  lower  parting 
make  the  same  showing  as  they  do  farther  north.  The  roof  coal  varies 
from  six  to  eighteen  inches,  and  is  separated  from  the  main  seam  by 
soapstone  from  ten  to  eighteen  inches  thick.  Fragments  of  the  Ames 
limestone  were  found  along  the  bed  of  Short  Creek,  but  its  horizon 
could  not  be  found.    It  is  probable  that  it  lies  a  little  below  the  bed 
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of  the  creek,  and  that  the  fragments  have  been  washed  oat  by  the 
water  flowing  over  the  mill-dams  which  have  been  built  across  the 
creek  at  various  points. 

Warren  T&umship, — There  is  a  large  area  of  the  Pittsburgh  coal  in  this 
township,  but  it  lies  very  high  in  the  hills.  The  Ames  limestone  lies 
above  the  beds  of  all  the  larger  streams  in  the  township,  except  the 
western  edge  and  southwest  corner. 

In  S.  W.  quarter  section  28,  the  coal  gives  the  following  section : 

Boof  coal 24-dO  inches. 

Clay  4 

Goal 26  « 

Clay  parting. 1  inch. 

Goal 2  inches. 

Black  slate  parting i  inch  1  foot  Y  4  feet  11  inches. 

Coal.. 15  inches. 

Thin  parting ...  ** 

Coal 14  ** 

Clay 4 

Limestone  (not  measured) 

The  total  of  four  feet  eleven  inches,  it  will  be  observed,  is  without 
the  roof  coal,  which  is  also  taken  out  in  some  places.  This,  if  added, 
would  make  the  vein  about  seven  feet  thick.  In  section  18  the  coal 
was  reported  four-and-a-half  to  five  feet  thick,  with  the  usual  parting 
and  roof.  In  section  18  thick  beds  of  limestone  were  noticed,  both 
above  and  below  the  coal.  That  above  the  coal  sometimes  reaches  a 
thickness  of  forty  feet.  It  has  been  used  as  a  furnace  flux.  At  Yorkville, 
in  8.  E.  quarter  section  22,  the  Pittsburgh  coal  is  worked  and  shipped 
on  the  C.  &  P.  R.  R.  The  coal  is  from  five  to  five-and-a-half  feet  thick. 
The  bottom  of  the  coal  is  here  192  feet  above  the  C.  &  P.  R.  R.  track 
at  Yorkville.  On  Stringer's  land,  in  N.  W.  quarter  section  16,  the 
bottom  of  the  coal  is  212^  feet  above  the  C.  &  P.  R.  R.  track  at  Tilton- 
ville  Station.  At  Chris.  WurwhoPsi  in  N.  W.  quarter  section  12,  the 
coal  is  reported  four-and-a-half  feet  thick,  and  the  bottom  is  272  feet 
above  the  C.  &  P.  R.  R.  track  at  Portland  Station. 

The  following  section  of  a  fossiliferous  limestone  was  taken  at  the 
same  place : 

Sandstone  (exposed) 20  feet. 

Brecciated  limestone IS  inches. 

Coal 2       " 

Laminated  sandstone , 12  feet 

Clay  shale 6    " 

Fossiliferous  limestone «  10  inches. 

Bine  and  red-day  shale  (exposed) 10  feet 
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The  fosailiferoue  limestone  is  197^  feet  below  the  bottom  of  the  No.  8 
coal,  and  li^  feet  above  the  C.  &  P.  B.  R.  track  at  Portland  Station.  The 
10  inch  limestone  is  highly  fossiliferoas,  being  filled  with  crinoid  stems, 
brachiopods,  etc.    The  limestone,  which  is  eighteen  feet  higher  and 
eighteen  inches  thick,   is  very  sandy,  and  seems  to  be  a  conglomerate. 
No  fossils  were  found  in  it.    The  interval  between  the  limestone  and 
-coal  was  first  measured  with  the  hand-level  as  197  feet,  and  afterwards 
with  the  engineer's  Y  level,  which  showed  it  to  be  197.5  feet.    This 
shows  very  well  the  kind  of  work  that  can  be  done  with  this  small 
but  extremely  useful  little  instrument.      At  Kelley's  mine,    S.   W. 
quarter  section  7,  the  bottom  of   the  coal  is  287  feet  above  the   C. 
•&  P.  R.  R.  track  opposite  the  mine.    Th3  coal  is  reported  four  and  one- 
half  to  five  feet  thick,  and  is  mined  for  shipment  on  the  C.  &  P.  R.  R. 
On  Little  Rush  Run,  on  John  Lytton's  land  in  S.   E,  quarter  section 
8,  the  bottom  of  the  coal  is  297  feet  above  the  C.  &  P.  R.  R.  track  at 
Rush  Run  Station,    On  Peck's  land,  in  S.  W.  quarter  section  8,   the 
Ames  limestone  was  found  sixteen  to  eighteen  inches  thick  and  eighty- 
four  feet  above  the  track  at  Rush  Run  Station.     Another  limestone, 
blue,  slightly  fossiliferous  and  very  impure,  is  found  at  an  elevation  of 
fifty-seven  feet  above  the  track   at  the  same  point.    Under  this  lime- 
stone is  a  faint  coal-mark  under  which  is  a  bed  of  fire-clay  which  has 
been  worked.    The  upper  limestone  of  these  two  is  then  213  feet  below 
the  Pittsburgh  coal,  and  the  lower  is  240  feet  below  it.    As  the  C.&P.R.R. 
track  is  reported,  by  the  chief  engineer  of  the  road,  to  be  level  between 
Yorkville  and  Rush  Run  Station,  we  may  refer  all  the  elevations  to  that 
level.    We  then  have  the  coal  at  the  following  elevations : 

InS.  E.  quarter  section  8 297  feet 

In8.W.         *'         «        7 ..287    " 

InN.  W.       "         "      12 ..272    « 

In  N.  W.       «         "      16 -  212J  " 

In8.E.         «         "      22 IW    " 

These  points  are  on  an  almost  straight  line,  the  point  in  N.  W. 
•quarter,  section  12,  departing  only  about  one-fourth  mile  east  from  the 
line  joining  the  most  northern  and  the  most  southern  points.  The 
distance  between  those  extreme  points  is  about  4.1  miles,  and  its  direc- 
tion is  about  S.  26®  W.  In  going  south  from  the  most  northern  point, 
a  fall  of  ten  feet  is  observed  in  the  first  mile.  From  this  point  in  S.W. 
-quarter  section  7,  to  the  most  southern  part  of  Yorkville,  there  is  a 
d^gular  dip  of  thirty  feet  to  the  mile. 
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Bblmont  County. 

Pease  Taumship. — The  Pittsbargh  coal  outcrops  in  the  northwest  cor- 
ner of  this  township  along  Little  Short  Creek.  It  dips  under  the  creek  in 
center  of  section  8.  where  it  is  from  four  feet  nine  inches  to  five  feet 
three  inches  thick.  The  clay  between  the  main  coal  and  the  roof  coal 
is  very  thin.  The  roof  coal  is  from  two  to  two  and  one-ha  f  feet  thick^ 
and  is  very  good  coal.  The  coal  shows  all  along  the  river  front  and 
Wheeling  Creek,  in  the  southern  pirtpf  the  township,  and  is  mined  at 
many  points  along  the  river  and  creek,  both  for  shipment  and  for  use 
in  the  neighboring  mills  and  factories.  In  the  northern  part  of  section 
27,  the  coal  measured  from  five  to  five  and  one-half  feet  thick.  The  clay 
between  the  roof  coal  and  the  main  coal  is  only  two  to  four  feet  thick. 
The  middle  parting  nas  been  reduced  to  one  thin  slate  band  of  one  inch. 
The  bottom  parting  was  not  observed.    The  section  is  as  follows : 


Roof  coal  (not  measared) 

Clay %-A  inches. 

Coal 24-36  inches. 

Slate 1  inch. 

Goal  -  80-86  inches. 

Clay «  6-9 

Limestone  (not  measared) 

The  total  of  coal  between  the  two  clays  is  five  to  five  and  one-half 
feet. 

In  8.  W.  quarter  section  25,  on  Glenn's  Run,  the  following  sec- 
tion was  taken : 


Coal  blossom.. 

Limestone,  with  thin  clay  beds  throagh  it «  12-16  feet. 

Olay  shale 8  feet. 

Biof  coal 80-24  inches. 

Olay aO-22    " 

Total  coal H  feet 

Olay .* 6  inches. 

Limestone  and  clay  (exposed) »  6  feet. 

A  double  clay  parting,  enclosing  a  thin  coal,  is  found  thirty-six 
inches  from  the  bottom.    The  lower  parting  does  not  show. 

On  John  Schrack's  land,  in  the  southern  part  of  the  township,  the 
following  section  is  given : 


Limestone.. 

Shale 8-10  feet. 

Roof  coal 2J-8  feet 

Slate 9  inches. 

Ooal - 29     " 
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Slate  parting^.. i  inch. 

Goal 8  inches. 

Slate  parting.. J-1  « 

Coal  ....• as  " 

Olay.... ..« 1-8  feet 

Limeetone..... ».  

The  total  ooal  is  five  feet  six  inohes.  The  lower  parting  is  not  shown. 
in  this  section.    The  bearing-in  is  made  in  the  central  double  parting* 

At  the  Wheeling  Creek  mine  in  section  8,  the  following  section  was 
taken  in  a  ventilating  shaft : 

limestone 12  feet. 

Clay : 4     " 

Coid....« 6  inches. 

Olay .♦ 1  foot 

Clay  and  shale 2  feet 

Limestone  (bedded) 16  " 

Limestone  (nodular).... 3    ** 

Olay 2J-8  feet 

Black  elate 2-3  inches. 

Roof  coal  (varying  8-18  inches) 12       " 

Clay  (varying  0-18  inches) 10       " 

Ooal 80      « 

Parting 0-1  inch. 

Coal... 4  inches. 

Parting -...  0-i  idch. 

Coal 8  inches. 

Parting  (thin).... 

Coal....... 8  inches. 

Parting  (thin) 

Coal 15  inches 

Limestone 4       " 

Clay..; 

The  coal  varies  from  five  to  six  feet  in  thickness.  At  the  Wheeling 
Creek  mines  Mr.  W.  B.  Hanlon,  C.  E.,  measured  a  dip  of  twelve  feet  in  a 
distance  of  4,800  feet  from  north  to  south,  and  eight  feet  in  a  distance  of 
4fiOO  feet  from  west  to  east.  The  greatest  dip,  therefore,  is  seventeen  feet 
per  mile,  in  a  direction  S.  38°  E.  In  this  mine  a  fault  was  found  running 
in  a  N.  E.  and  S.  W.  direction.  The  coal  was  cut  almost  squarely,  and  on 
the  southeast  side  the  bottom  of  the  conl  was  level  with  the  top  of  the 
coal  on  the  northwest  side,  thus  giving  a  displacement  of  about  six  feet. 
The  same  fault  has  been  found  in  the  mines  back  of  Bridgeport,  and  on 
the  river-front  just  below  Martin's  Ferry,  and  it  is  claimed  to  have  been 
found  in  the  mines  on  the  Virginia  side  of  the  Ohio  River  above  Wheel- 
ing. To  the  southwest  it  has  been  found  in  the  mines  at  Quincy 
Station,  on  the  B.  &  0.  R.  R.,  in  Pultney  township.  South  of  that  it  has 
not  been  noticed. 
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The  Wheeling  Creek  mines  put  out  more  coal  and  are  better 
Arranged  for  handling  a  large  quantity  than  any  other  mines  in  this 
vicinity.  The  works  can  load,  if  necessary,  from  eighty  to  ninety 
€ars  per  day.  At  the  time  visited — the  summer  of  1886 — they  were 
shipping  fifty  to  sixty  car  loads  of  lump  coal  per  day.  The  coal  is 
•creened  over  a  If-inch  screen.  From  one-third  to  two  fifths  of  the  coal  goes 
through  it,  making  one  car  of  nut  coal  to  about  six  of  lump,  and  one  of  slack 
and  dirt  to  about  four  of  lump.  The  bearing-in  is  made  at  or  near  the  bot- 
tom and  the  coal  is  then  shot  down.  Considerable  care  must  be  taken  to 
pick  out  all  the  black  slate  of  the  central  parting,  or  the  market  value  of 
the  coal  is  seriously  injured.  The  coal  is  rather  tender,  and  must  be  shot 
very  lightly  to  make  large  coal.  Twelve  coke  ovens  at  the  mines  work 
a  part  of  the  slack  into  coke.  There  is  not  market  for  the  entire  quan- 
tity that  could  be  made,  as  the  coke  has  too  much  sulphur  for  iron- 
making. 

The  composition  of  the  coal  from  these  mines  is  as  follows :    (Lard) 

Moisture 1.74 

Volatile  combustible  matter 4139 

Fixed  carbon  48.90 

Ash.. 7.97 

Sulphur.. 4.12 

In  S.  E.  quarter  section  27,  the  bottom  of  the  Pittsburgh  coal  is  seventy- 
six  feet  above  the  C.  &  P.  R.  R.  track  at  Bridgeport.  In  Heinlein  Brothers' 
bank  in  the  center  of  the  east  side  of  section  28,  the  bottom  of  the  coal  is 
ninety-one  feet  above  the  C.  &  P.  R.  R.  track  at  Bridgeport.  At  the 
Laughlin  Mill  mine  at  Martin's  Ferry  in  S.  E.  quarter  section  24,  the  bot- 
tom of  the  coal  is  122  feet  above  the  C.  &  P.  R.  R.  track  at  Bridgeport,  and 
121  feet  above  that  track  at  Martin's  Ferry.  At  Rainey's  mine  in  N.  W. 
quarter  section  9,  the  bottom  of  the  coal  is  125  feet  above  the  C.  &  P.  track 
at  Bridgeport  and  121  feet  above  the  track  at  Rainey  Station.  These 
elevations  give  a  dip  of  three  feet  in  1^  miles,  or  two  feet  per  mile  due 
south,  from  Rainey's  to  Laughlin  Mill  mine.  From  Laughlin  Mill  mine 
to  Heinlein  Bros.' bank  about  S.  40°  W.  about  2J  miles,  is  a  dip  of  thirty- 
one  feet  or  about  IB.Sfeet  per  mile.  From  Heinlein  Bros.'  mine  to  Rhoades' 
mine  in  S.  E.  quarter  section  27,  the  distance  being  about  one  mile  due 
south,  the  dip  is  fifteen  feet.  In  N.  W.  quarter  section  9,  near  Burley's 
Mill,  the  coal  is  about  145  feet  above  the  C.  &  P.  track  at  Bridgeport. 
This  is  almost  due  west  of  the  Rhoades  mine  and  about  3^  miles 
distant.  This  gives  a  dip  to  the  east  of  sixty-nine  feet  in  3^  miles,  or 
about  twenty-one  feet  per  mile. 
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The  Gomposition  of  Rainey'e  ooal  is  as  follows : 

Moistare 2.06 

Volatile  oombofltible  matter ^ 40^1 

Fixed  carbon (SOJbl 

Ash- 7.» 

Sulphur- 4.80 

Specific  gravity 1.864 

Oolerain  Township.^-ThiB  townBhip  has  the  Pittsburgh  coal  cropping 
all  along  WheelingCreek  and  its  branches  through  the  southern  and  west- 
ern parts  of  the  township.  The  coal  does  not  come  to  the  surface  in  the 
northern  part,  but  it  can  be  reached  by  shafts  vei'y  few  feet  deep  in  the 
valley  of  Little  Short  Creek,  in  the  northeast  corner  of  the  township. 
There  are  several  large  mines  that  ship  coal  on  the  C.  L.,  &  W.  R.  R.  to 
the  north  and  northwest.  The  mines  at  Maynard,  in  N.  W.  quarter 
section  31,  owned  by  the  same  company  as  the  Wheeling  Creek  mine  in 
Pease  township,  Eidd's  mine,  in  N.  W.  quarter  section  25,  and  a  mine 
at  Barton  Station,  in  N.  W.  quarter  section  24,  are  the  largest  of  these 
mines.  The  Maynard  mines  are  the  largest  and  best  arranged,  and 
have  a  capacity  of  forty  to  fifty  cars  of  lump  coal  per  day.  At  these 
mines  the  coal  measured  as  follows : 

Roof  coal about  18  inches 

Soapstone 2-16  " 

Bone  coal.. 3        •* 

Coal 18 

Slate  parting 

Bearing-in  place  I  Coal  \ 7  inches. 


(  Slate  parting  ) 
\  Coal  \  . 

(  Slate  parting  J 


Ooal 18       « 

Very  thin  parting i  inch. 

Coal 12  inches. 

Clay  (exposed) 8     « 

In  the  Maynard  mines  no  clay-veins  nor  horsebacks  have  been 
found  yet.  Two  small  faults  have  been  discovered,  the  larger  showing 
a  displacement  of  from  two  to  three  feet. 

The  composition  of  this  coal  is  as  follows :    {Lord) 

Moisture 2.46 

Volatile  combustible  matter 39.86 

Fixed  carbon 50.91 

Aah- ISn 

Sulphur 2.89 


» 
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At  Kidd's  mine,  in  N.  W.  quarter  secHon  25,  the  coal  gives  the 
following  section : 


Clay  shale  (not  measured)..., 


J  Bool  coal 1^18  inches. 

I  Soapstone -  12       " 

Bone  coal «         2       " 

Coal 36       « 

Slate  ) 

:  Coal  [ 3       " 

^  Slate  j 

Coal 27       " 

Thin  parting i  inch. 

Coal 4  inches. 

.,  Hardslate 12       " 

Limestone 18       " 

^  Soapstone 6       '^ 

r  Limestone  (exposed) 18       '^ 

The  analysis  of  this  coal  is  as  follows :    {Lord) 

y  Moisture 1.93 

Volatile  combostible  matter 39.64 

■•  Fixed  carbon 50.68 

'^'  Ash 7.80 

Sulphur 3.97 

Specific  gravity 1.316 

In  S.  W.  quarter  section  19,  a  section  below  the  coal  was  taken 
as  follows : 

No.  8  coal 5-6  feet 

5                         Clay 1-2  •« 

Limestone 3    " 

Soft  clay  shale 10-12    " 

Thin  layers  of  limestone  and  shale 2    " 

I                          Shale 9    " 

Limestone 4    '' 

Shale  (to  creek  bed) 6    " 

This  section  under  the  coal  is  replaced  in  sections  10  and  16,  in  the 
^'  southern  part  of  the  township,  by  a  massive  sandstone  that  comes  up 

close  to  the  coal. 

Wheeling  Tovmship.—The  Pittsburgh  coal  is  exposed  along  Wheeling 
Creek  from  the  eastern  edge  to  the  center  of  the  township,  where  it  dis- 
appears under  the  creek.    It  is  exposed  along  Crab  Apple  Creek,  a 
]  branch  of  Wheeling  Creek,  from  the  southern  edge  of  the  township 

almost  to  the  north  line  of  the  township  and  of  the  county.    On  Cox's 
^  Run,  in  the  eastern  row  of  sections,  the  coal  has  its  usual  thickness  of 

89        G. 
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five  to  five  and  one-half  feet,  and  the  roof  coal  and  the  central  band  of 
slate  and  thin  coal  all  regular. 

In  S.  E.  quarter  section  19,  on  Patten's  land,  the  bottom  of  the 
coal  is  level  with  the  C,  L.  &  W.  R.  R.  track.  About  three-fourths  of  a 
mile  southwest  of  this  point,  up  the  creek,  the  top  of  the  coal  is  below 
the  usual  level  of  Wheeling  Creek,  and  the  bottom  is  from  fifteen  to 
eighteen  feet  below  the  C,  L.  &  W.  R.  R.  track  at  that  point;  one-half  mile 
west  of  this  place,  o«i  the  boundary  line  between  sections  24  and  30,  the 
bottom  of  the  coal  is  again  level  with  the  C,  L.  &  W.  R.  R.  track  at 
that  point.  In  the  center  of  section  30  it  disappears,  not  to  be  seen 
again  east  of  the  divide  at  Flushing.  Going  up  Crab  Apple  Creek,  at 
its  confluence  with  Wheeling  Creek,  in  section  24,  the  coal  is  found  but 
a  few  feet  above  the  bottom  of  the  valley,  but  it  rises  almost  as  fast  as 
the  stream  and  does  not  go  under  drainage  until  it  reaches  N.  quarter 
section  27. 

Near  the  center  of  section  26  the  following  section  was  taken  at  a 
small  mine  worked  to  supply  the  local  market : 

Thick,  solid  bed  of  limedtone  (exposed) 5  feet 

Shale 12-16     " 

Roof  coal  (average) 12  inches. 

Olay  (average) 14     " 

Coal 24-80      « 

Clay  shale 
fiearing-in  place  {  Coal  \  4-6 


(  Clay  shale  1 
\  Coal  \ 

(  Clay  shale  J 


Coal 80-83      « 

Clay  (not  measured) 

The  total  vein  ranges  from  five  to  five  and  one-half  feet. 
At  Wm  M.  Campbell's  mine  in  N.  E.  quarter  section  26,  the  coal 
gave  a  somewhat  unusual  section,  as  follows  : 

Boof  coal  (not  measured) 

Slate ^ 12  inches. 

Coal 6     " 

Slate  parting 1-lJ     « 

Coal 12     « 

Slate) 

Coal  \ 6      « 

Slate  J 

Coal 8(^-86     « 

Clay 12      " 

Limestone  (not  measured) 

Numerous  reports  of  a  vein  of  ten  to  twelve  feet  of  coal  on  the 
upper  part  of  Crab  Apple  Creek  were  heard  at  different  places,  but  on 
investigation  of  them   and  examination  of  the  locality  where  this 
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mammoth  vein  was  said  to  be,  nothing  of  the  kind  could  be  found,  but 
only  the  usual  five  to  five  and  one-half  feet  of  good  coal  and  the  roof- 
coal. 

Fhishing  Township. — The  Pittsburgh  coal  crops  out  in  the  bed  of  Still- 
water Creek  in  ssctions  25  and  26,  one  mile  southwest  of  Flushing  Town. 
As  the  coal  rises  to  the  west  and  the  creeks  flow  in  the  same  direction,  the 
coal  soon  reaches  the  tops  of  the  high  hills  and  ridges.  It  is  not  found 
in  the  extreme  western  part  of  the  township,  except  as  small  unim- 
portant outliers. 

At  Jos.  Butler's  mine,  in  S.  W.  quarter  section  26,  about  one 
mile  west  of  Flushing  Station,  on  the  C,  L.  &  W.  R.  R.,  the  coal  is 
mined  for  shipment  by  rail.    It  there  gives  the  following  section : 


Soapstone  or  clay  shale 

Poor,  Blaty  coal 8  inches. 

Bone  coal  or  black  slate ^12  inches. 

Coal '. 22 

Slaty  coal -    2-4 

Coal 22 

Slate  or  clay  parting » 1-1 J 

Coal 12 

Clay 14 

limestone  (not  measured).. 


The  total  coal  is  from  four  feet  nine  inches  to  five  feet  two  inches. 
A  part  of  the^slack  from  this  mine  was  formerly  made  into  coke,  but  the 
work  has  been  discontinued. 

The  analysis  of  the  seam  at  this  point  is  as  follows :    {Lord) 

Moisture   2.76 

Volatile  combustible  Tuatter , 40.86 

Fixed  carbon 48.92 

Ash.. 7.47 

Sulphur.. 8.24 

Specific  gravity 1.826 

The  analysis  of  the  coke  is  as  follows : 

Ash.. 17.74 

Sulphur 3.67 

In  N.  E.  quarter  N.  W.  quarter  section  8,  the  following  section 
was  taken  : 

Massive  ledge  of  sandstone  (not  measured) 

Coal 10     inches. 

Clay  or  slate  parting i~l  inch. 

Coal 8     inches. 

Slate  parting,  thin i-i  inch. 

Coal 29     inches. 

Clay 80 

Limestone 
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This  section  shows  the  roof  coal,  the  soapstone  under  it,  and  a  part 
of  the  top  bench  of  the  main  coal  cut  away  and  replaced  by  a  coarse 
sandstone.  The  eastern  edge  of  this  cut-out  is  a  short  distance  ^west  of 
Rock  Hill.  The  sandstone  is  well  shown  in  the  top  of  the  ridge  extend- 
ing northwest  from  Rock  Hill  and  seems  to  thicken  to  the  west,  reach- 
ing a  thickness  of  from  twenty  to  twenty-five  feet. 

The  Ames  limestone  was  found  nicely  shown  in  8.  W.  quarter  sec* 
tion  14,  along  Big  Stillwater.  It  is  here  from  two  to  two  and  a  half  feet 
thick,  solid,  dark-colored,  full  of  fossils  and  bedded  in  a  foesiliferous, 
calcareous  clay  shale,  which  extends  several  feet  both  above  and  below 
it.  The  limestone  was  found  at  many  points  along  the  Big  Still ^veater^ 
and  also  along  the  branch  that  is  followed  by  the  C,  L.  &  W.  B.  R.,  as 
far  up  as  HoUoway  Station. 

The  Meigs  Creek  coal  was  a  few  years  ago  mined  at  Flushing 
Station  for  shipment  on  the  C,  L.  &  W.  R.  R.,  but  it  has  been  almost,  if 
not  quite,  abandoned,  as  it  could  not  compete  with  the  No.  8  coal  in  the 
market,  and  was  but  three  feet  three  inches  to  four  feet  two  inches 
thick. 

The  analysis  of  this  seam  at  this  point  is  as  follows :    {Lord) 

Moisture 8.18 

Volatile  combustible  matter  8881 

Fixed  carbon 50.10 

Ash.. 8.41 

Sulphur 1.78 

Specific  gravity 1.80 

Kirkwocd  Township. — This  township  holds  a  considerable  area  of  the 
coal,  but  in  the  northern  and  western  parts  it  is  high  in  the  hills,  and 
badly  cut  up  by  the  drainage. 

At  Hendrysbnrgh,  on  John  McCartney's  land,  in  S.  W.  quarter 
N.  E.  quarter  section  20,  the  following  section  was  taken : 

Hardshaly  sandstone 

Clay  shale -    4-  6  inches. 

Roof  coal 1% 

Shale,  top  clay,  bottom  black 17-18      " 

Coal 18 

Parting,  mostly  pyrites J-  2      " 

Coal 2-3      " 

Very  thin  slate  parting^but  well  marked ~—    i       inch. 

Goal,  best  of  the  vein 22       inches. 

Thin,  black  slate,  bearing-in  place.. i-  \  inch. 

Coal.. .^  14       inches. 

Clay  or  clay  shale 6-  9      " 

Limestone 1       inch. 
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The  Bhale  between  the  main  coal  and  roof  coal  here  aflfords  a  good 
and  safe  roof,  and  hence  is  not  taken  down  as  the  coal  is  gained.  It 
will  be  noticed  that  here  the  sandstone  is  not  quite  down  to  the  coal,  as 
it  is  farther  north  and  west.  In  section  7,  along  the  pike,  the  limestone 
ledge  a  few  feet  above  the  coal  was  noticed  in  its  usual  place  and 
thickness.  In  N.  W.  quarter  section  28,  a  massive  sandstone,  from 
fifteen  to  twenty  feet  thick,  forms  the  roof  of  the  coal,  but  does  not  cut 
down  into  it.  The  sandstone  makes  a  good  building  stone,  works  well, 
does  not  weather  badly,  and  can  be  had  in  blocks  of  any  desired  nize. 
In  E.  half  of  section  23,  in  the  limestone,  a  few  feet  above  the  coal,  a 
large  quantity  of  flint  was  observed  imbedded  in  it.  It  was  of  black 
and  reddish-brown  colors,  and,  as  far  as  examined,  was  like  the  lime- 
stone, non-fossiliferous. 

In  S.  W.  quarter  S.  W.  quarter  section  29,  at  Wm.  Lightell's  mine, 
the  following  section  was  measured  : 

Massive  sandstone  (exposed) ■ 22       fee^. 

Black  slate 1     inch. 

Slaty  coalf  taken  oat  and  used 4     inches. 

Coal - 12  " 

Slate  parting,  much  pyrites i-2      ^* 

Coal 3 

Thin  slate  parting f-}  inch. 

Ooal « 18     inches. 

Slate  parting 0-1    inch. 

Ooal 14}    inches. 

Olay 2-8       " 

Limestone « 

The  bearing-in  is  made  on  top  of  the  lowest  parting.  The  faces 
run  almost  due  east  and  west.  In  some  parts  of  the  mine  six  inches  to 
eighteen  inches  of  soapstone  are  found  between  the  main  coal  and 
the  sandstone,  and  in  some  places  bits  of  coal  are  mixed  with  the  top 
of  the  soapstone,  but  no  regular  roof  coal  has  ever  been  found. 

In  the  hill  above  this  mine  the  following  section  was  measured 
showing  the  position  of  two  other  coals,  the  figures  indicating  height 
above  the  bottom  of  the  Pittsburgh  coal : 

Pittsbnrgh  coal,  4  feet  to  4}  feet  thick 

Massive  sandstone  exposed  from  top  of  ooal  to 28  feet. 

Strong  coal  mark  1}  feet  to  2  feet  thick 62  <* 

Ooal  4  feet  thick,  the  bottom  being  at 98  " 

Top  of  hill  about 160  " 

This  mine  and  the  section  are  in  the  north  end  of  the  village  of 
Sewellsville. 

In  the  southwest  corner  of  the  township  about  Fairview,  the  coal 
is  from  four  to  four  and  a  half  feet  thick,  and  has  the  sandstone  roof. 
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Union  Tovmship.— The  crop  of  the  coal  occurs  in  the  weetem 
edge  of  the  township  only,  being  at  only  one  point  as  far  as  two  miles 
from  the  western  line  of  the  township.  In  E.  half  of  section  36,  at 
the  head  of  Six-mile  Bun,  the  coal  was  reported  as  follows  : 

Shale  roof,  poor 

Roof  coal 8-10  inches. 

Soapstone 4-9        " 

Ck>al  with  thin  parting  near  centre 3  ft.  9  inches  to  4  feet. 

Olay »-6        " 

LimestoDe 

The  coal  as  reported  is  somewhat  thinner  than  usual,  and  the 
central  parting  is  not  well  defined.  The  roof  coal  is  taken  out  and  ased 
with  the  other  coal. 

The  coal  has  been  mined  for  local  use  near  the  centre  of  section  31. 
It  is  reported  that  the  coal  is  here  thirteen  feet  thick.  When  the  mine 
was  visited,  it  could  not  be  entered  nor  examined  satisfactorily.  The 
main  coal  and  the  part  mined  are  from  five  to  six  feet  thick.  But  a  few 
inches  of  soapstone  separate  the  main  coal  from  the  roof  coal,  which 
appears  to  be  of  better  quality  and  greater  thickness  than  usual.  This 
may  be  the  reason  for  the  report  of  a  mammoth  coal  vein.  If  it  is  as 
thick  as  reported,  it  is  due  only  to  a  local  thickening  of  the  roof  coal 
and  to  a  thinning  out  of  the  soapstone. 

The  bed  of  limestone  a  few  feet  above  the  coal  holds  in  all  the  ex- 
posures through  the  township.  Just  west  of  Morristown  a  coal  above 
the  No.  8,  probably  the  Meigs  Creek  coal,  is  worked  more  than  the  No. 
8  for  local  use.  The  upper  coal  has  a  better  roof  than  the  No.  8,  but  is 
reported  to  be  not  quite  as  good  a  coal. 

Richland  Township, — This  large  township  is  mostly  highland,  and 
shows  but  little  outcrop  of  the  coal.  It  crops  on  Jug  Bun  in  section 
6,  in  the  northern  part  along  Wheeling  Creek,  for  about  1^  miles  in  the 
northeast  corner,  in  section  19,  for  a  short  distance  along  the  railroad 
from  St.  Clairsville  to  Quincy  Station,  and  for  about  3  miles  along  the 
B.  &  0.  B.  B.  and  McMahan's  Creek  in  the  southeast  corner.  On  Jng 
Bun  the  coal  is  reported  as  five  and  one-half  feet  thick,  and  with  the 
usual  roof  coal  and  partings  as  found  along  Wheeling  Creek  in  Colerain 
township.  Along  Wheeling  Creek  in  sections  22  and  23,  the  coal  has 
the  usual  structure  and  thickness.  It  is  here  underlaid  with  a  massive 
sandstone,  as  further  down  the  Creek  in  Colerain  and  Pease  townships. 
The  sandstone  replaces  the  clay  shale  and  limestones  usually  found  for 
twenty  to  thirty  feet  under  the  coal.  On  McMahan's  Creek,  in  the 
southeast  of  the  township,  the  coal  is  but  a  few  feet  above  drainage,  and 
finally  disappears  under  the  creek  in  S.  E.  quarter  section  35,  about  f 
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mile  east  of  Glencoe  Station,  B.  &  0.  B.  B.  The  coal  shows  its  structure 
and  thickness  in  the  tunnel  west  of  and  the  cut  east  of  Franklin  Station. 
It  varies  from  five  to  five  and  one-half  feet  in  thickness,  and  has  the  roof 
coal  and  soapstone  above  and  the  regular  partings  near  the  centre  and 
bottom.  The  roof  coal  is  about  one  and  one-half  feet  thick  and  has  a 
3-inch  parting  near  the  top.  Over  it  is  a  bed  of  limestone  and  clay 
shale  exposed  for  a  thickness  of  about  twenty  feet.  The  coal  is  mined 
for  shipment  on  the  B.  &  0.  B.  B.  at  Franklin  Station. 

Paltney  Tovmship, — In  this  township  the  Pittsburgh  seam  has  been 
worked  more  largely  than  in  any  other  township  of  the  coal-field.  It  has 
bean  worked  for  over  forty  years  about  Bellaire,  and  is  frequently  known 
as  the  Bellaire  coal.  It  has  been  worked  along  the  B.  &  0.  B.  B.  for  use 
and  shipment  on  that  road,  almost  ever  since  its  completion.  At  Bellaire 
it  is  worked  for  domestic  uses,  for  use  in  the  numerous  glass  and  iron 
works  at  that  place,  and  for  use  of  steamboats  and  for  shipment  down 
the  Ohio  Biver  to  southern  markets. 

The  coal  is  very  regular  in  its  thickness,  varying  from  five  to  six 
feet,  five  and  one-half  feet  being  a  fair  average  of  the  main  coal  under 
the  soapstone  and  roof  coal.  In  the  northern  part  of  the  township,  on 
the  river  iront,  the  coal  is  108  feet  above  the  C.  &  P.  B.  B.  track,  and  at 
the  southern  edge  it  is  down  to  low  water  in  the  Ohio  river.    At  the 

mines  of  Bockershousen  and  Sterritt,  in  S.  W.  quarter  section  28,  the 
coal  gives  the  following  section : 

Roof  coal  and  black  slate 8-5  feet. 

Olay .'. 9     inches. 

Coal 26  " 

•  Clay 1    inch. 

Coal 4    inches. 

Black  slate 1    inch. 

Coal 18    inches. 

Black  slate J-1  inch. 

Good  coal 18    inches. 

Bonecoal 4         " 

Limestone  (not  measured) 

The  coal  at  this  mine  is  reached  by  a  slope,  being  almost  level  with 
the  bed  of  the  Ohio  Biver, 

At  Heatherington's  mine  for  the  glass  works,  the  coal  measured  as 
follows: 

Shale  and  limestone  (not  measured)..... 

fCoal 12mchefl. 

Eoof  coaN  Blackslate 4       " 

ICoal la       •• 

Clay 10       " 

Coal... 80       " 


616  GEOLOGY  OF  OHIO* 

Slate  1 

CJoal  V » 6  inchi 

Slate  J 

Coal 81 

Black  slate  and  pyrites )      inch. 

Coal 12    inches. 

Hard,  slaty  coal 4       " 

Clay  (not  measured)^ 

The  roof  coal  is  not  taken  out.    The  clay  between  the  roof  coal  and 
main  coal  comee  down  with,  or  soon  after  the  coal,  and  makes  it  dani^er* 
0U6  to  work  under  it.    The  mines  here  have  been  worked  for  many  years 
for  use  on  the  river  and  at  the  glass  works.    All  the  coal  has  been  taken 
from  under  the  front  range  of  hills,  and  the  workings  are  now  under  tbe 
second  range,  more  than  a  mile  from  the  mouth  of  the  entry.    The  roof 
coal  makes  a  good,  strong  roof.    The  ribs  left  between  the  rooms  are  but 
six  feet  thick,  and  are  drawn  when  the  rooms  have  been  worked  out. 
The  main  coal'at  one  place  measured  five  feet  eleven  inches  in  thickness* 

The  composition  of  Heatherington's  coal  is  shown  below :    (Lord) 

Moisture 1.68 

Volatile  combustible  matter 4Si.%9 

Fixed  carbon 47.67 

Ash- 8.61 

Sulphur.. 4.47 

The  analysis  of  the  roof  coal  is  also  appended  :    (^Lard) 

Moisture 1.98 

Volatile  combustible  matter 40.64 

Fixed  carbon 45.80 

Ash 11.73 

Sulphur 6.83 

Specificlgravity 1.866 

At  W.  G.  Barnard's  mine,  in  the  northern  part  of  Bellaire,  the  coal 
measures  as  follows : 

Roof  coal 24-30  inches. 

Soapstone  (average) ..- 12  " 

Coal ..24 

Slate 1  iuch. 

Goal 4  inches. 

Slate 1  inch. 

Coal , 18  inches. 

Slate W  inch. 

Coal.. 18  inches. 

Thin  parting,  often  pyrites i-J  inch. 

Coal B  inches 

Hard,  sandy  rock  and  pyrites^ 8  ** 

Olav 8 

Limestone > 
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The  middle  bench  of  eighteen  inohes  is  often  saved  by  itself  and 
shipped  west  for  gas-making.  It  is  a  good  gas  coal,  as  it  is  very  free 
from  sulphur.  The  soapstone  between  the  roof  coal  and  main  coal  in 
spots  reaches  a  thickness  of  four  feet,  and  atEidd's  mine,  atQuincy  Sta- 
tion, on  the  B.  &  O.  R.  R.,  averages  about  five  and  one-half  feet  in  thick- 
ness. The  roof  coal  is  usually  thin,  not  often  over  twelve  inches.  The 
•clay  between  the  two  coals  is  full  of  slickensides  and  has  to  be  taken 
down  as  fast  as  the  coal  is  removed  from  under  it.  At  this  mine  is  found 
the  prolongation  of  the  fault  that  was  noticed  in  the  Wheeling  Creek 
mines  in  Pease  township.  Another  small  fault,  showing  a  displacement 
of  one  and  one-half  to  two  feet,  has  also  been  found.  A  clay  vein  of 
about  six  feet  in  thickness  has  been  cut  through  in  this  mine.  Horse- 
backs and  clay  veins  are  very  seldom  found  in  this  township  in  the  coal, 
i)ut  its  regularity  in  thickness  and  structure  is  very  remarkable. 

The  analysis  of  Barnard's  coal  is  as  follows :    (i^d) 

Moistare 1.87 

Volatile  combostible  matter 40.76 

Fixed  carbon 50.11 

Ash. 7.27 

Sulphur 4.13 

Specific  gravity 1.312 

The  coal  of  the  Pittsburgh  works  mined  within  the  town  limits 
is  given  herewith : 

Moisture 1.62 

Volatile  combustible  matter 41.70 

Fixed  carbon 48.69 

Ash.. 8.09 

Sulphur.. 4.98 

Specific  gravity 1.304 

In  the  south  end  of  Bellaire,  in  S.  W.  quarter  section  29,  the  fol- 
lowing section,  showing  the  strata  above  the  Pittsburgh  coal,  was  meas- 
ured with  the  hand-level,  the  distance  from  the  bottom  of  the  coal  being 
given  : 

Top  of  roof  coaL 7-8  feet. 

Unseen 8-26  ** 

Goal  blossom 26-27  " 

Unseen.. 27-88  ** 

Limestone 88-49  " 

Clay  seam 49-60  " 

Oement  rock 60-66  " 

Thin  clay  seam 66  " 

Limestone 66-69  ** 

Thin  clay  seam 69  ** 
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Limestone 69-63  feet. 

Clay  Bhale 63-65  " 

Goal  (See  section  of  coal  below) 66-68  ** 

Clay  shale 68-74  " 

Coal 74-74  "    8  in. 

Sandy  shale 74   ft  8  in.-88   ft.   6  in. 

Coal 88    "  6    "    92    "     6    *• 

Calcareous  shale  with  thin  beds  ot  limestone.. 92    ''6    ''117    " 

Unseen 117-150  feet. 

Shale 160-163  ** 

Sandstone 163-156  " 

Shale 166-168  " 

Unseen.. 168-190  '* 

Clay  shale 190-210  " 

Sandstone  210-216  " 

Shale 216-220  " 

Goal  blossoms,  not  well  marked 220-221  '' 

Unseen 221-236  ** 

Goal  blossoms,  strong,  well  marked.. 236  " 

Unseen.. 286-240  " 

Limestone 240-248  ** 

Shale 243-266  " 

Hard,  sandy  shale 266-261  " 

Goal  blossom,  well  shown 261-263  '' 

Shale 263-272  " 

Shaly  sandstone 272-282  " 

Shale 282-288  " 

Nodular  limestone 28ft-289  " 

Glay  shale 289-308  " 

Limestone 308-810  •• 

Unseen 310-316  « 

Goal  blossom,  not  well  shown 316  " 

Not  well  shown,  but  looking  like  shale  mostly 316-380  " 

Goal  blossoms,  well  shown .'. 880-382  <* 

Unseen.. 382-404  " 

Shale 404-414  " 

Limestone 414-421  " 

Unseen 421-436  " 

Shale 436-460  " 

Soft  shaly  sandstone.. 460-469  " 

Shale 469-463  " 

Unseen 463-666  " 

Goal  blossom,  strong,  well  shown 666-667  " 

Unseen  to  top  of  hill 667-616  " 

The  section  of  the  coal  at  sixty-five  feet  above  the  bottom  of  the 
Pittsburgh  coal  is  as  follows : 

Glay  shale,  from  68  feet  to  74  feet 6  feet. 

Goal 4  inches. 

Glay.. 6 

Goal- 8       " 

Glay. 2       " 
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Goal ^ 11  inches. 

Clay 6       " 

Slaty  coal 10       " 

Clay  shale,  from  63  feet  to  65  feet %  feet 

Along  McMahan's  Creek  back  of  Bellaire  a  coarse  sandstone  comes 
in  close  under  the  coal.  In  section  36  it  is  eleven  feet  below  the  ooal 
and  twenty-five  feet  thick.  It  makes  a  fair  building  stone  for  heavy 
masonry,  such  as  foundations  for  houses,  bridge  abutments,  piers,  etc. 
It  was  used  for  the  piers  of  the  B.  &  0.  R.  R.  bridge  over  the  Ohio  River 
at  Bellaire.  By  taking  the  elevations  of  the  coal  in  section  18  at  NefPs 
siding,  in  section  26  on  the  north  line  of  the  township,  and  at  Rockers- 
housen's  mine  in  section  28  in  the  south  edge  of  the  township,  the  dip 
of  the  coal  is  found  to  be  very  nearly  thirty  feet  per  mile  in  a  R.  37^^ 
E.  direction. 

Mead  Township. — The  coal  seam  is  mined  at  several  points  along  the 
river  in  this  township  by  means  of  slopes  and  shafts  of  moderate  depth. 
It  does  not  crop  in  the  township.  The  coal  is  mostly  shipped  on  the 
river  and  used  on  steamboats,  a  small  portion  being  consumed  in  the 
local  market  for  domestic  uses.  The  coal  is  reported  of  the  same  thick- 
ness and  structure  as  about  Bellaire. 

Yoik  Township, — Although  this  township  is  south  of  Mead,  and  is 
the  most  southeastern  township  of  Belmont  county,  it  shows  a  crop  of 
the  No.  8  coal  on  Captina  Creek  in  sections  21  and  27,  about  three  and 
one-half  miles  northwest  of  the  village  of  Powhattan  at  the  mouth  of 
Captina  Creek.  The  ooal  must  change  its  dip  very  considerably  from 
Mead  and  Pultney  townships,  in  order  to  come  to  the  surface  again  at 
this  point.  The  coal  is  reported  in  the  bed  of  the  river  opposite  Pow- 
hattan. 

On  F.  Dorsey's  land,  in  N.  W.  quarter  S.  W.  quarter  section  14,  M.  C. 
Workman  works  a  mine  in  the  Pittsburgh  coal  for  the  local  market.  The 
coal  is  here  reached  by  a  shaft  twenty-five  feet  deep.  The  coal  and  water 
are  hoisted  by  horse-power.    The  section  of  the  coal  is  as  follows : 

Roof  coal  (average) 80     inches. 

Slate,  0-X4  inches  (average) 14  ** 

Ooal 26 

Slate  and  pyrites i-2     " 

Coal 6 

Slate 0-li     " 

Ooal 19 

Pyrites  band 1-2       " 

Coal 10 

Ooal  (a  few  inches  not  measured) 

Clay  (not  measured).. 
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The  bottom  coal  is  never  raised,  as  it  is  poor  and  slaty,  and  when 
broken  allows  a  large  amoant  of  water  to  come  into  the  mine.  The  best 
coal  of  the  seam  is  the  top  bench  of  twenty-five  inches.  The  bearing-in 
is  made  in  the  bottom,  and  the  coal  is  then  shot  in  the  central  double- 
parting  and  thin  coaK  The  faces  of  the  coal  are  east  and  west  as  nearly 
as  could  be  determined  with  a  small  compass.  Neither  clay  veins, 
horsebacks  nor  faults  have  been  found  in  this  mine,  but  the  coal  rises 
gently  and  uniformly  to  the  north. 

The  coal  comes  above  the  bed  of  Captina  Creek,  in  8.  E.  quarter 
section  21,  and  remains  only  a  few  feet  above  the  creek  until  reaching 
the  S.  W.  quarter  section  27,  when  it  again  goes  under  the  creek-bed. 
The  coal  has  been  opened  in  several  places,  and  is  often  laid  bare  in  the 
creek  bluffs.  The  mines  are  all  liable  to  be  flooded  by  high  water  from 
Captina  Creek. 

In  S.  E.  quarter  section  27,  a  section  was  taken  with  the  barometer 
showing  five  coals  above  the  Pittsburgh  seam.  None  of  them  have  been 
opened  in  this  vicinity.  The  section  is  as  follows,  giving  distances  from 
the  bottom  of  the  No.  8  coal  : 

Thin  coal  over  bed  of  limeBtone  several  feet  thick.. 27  feet. 

Coal,  B-4  inches  over  bed  of  limestone  several  feet  thick.. 68      " 

Coal  blossom,  well  marked..... 96      " 

"            not  well  marked 288      " 

"           well  shown 838      " 

Washington  Tovmship. — The  Pittsburgh  coal  does  not  crop  in  this 
township,  but  it  is  worked  by  means  of  a  shaft  in  N.  E.  quarter  section 
10,  on  the  B.,  Z.  &  C.  B.  R.    The  coal  gives  the  following  section : 

Clay  and  clay  shale  (not  measured)..... 

Boof  coal 12      inches. 

Clay.. 10-12     " 

Coal..... 83 

Slate i  inch. 

Coal 24  inches. 

Slate 1-i  inch. 

Cual , 14  inches. 

Clay  (not  measured) 

The  total  of  the  main  coal  is  six  feet.  This  is  about  the  average  all 
through  the  mine.  The  coal  is  very  uniform  in  thickness  and  structure, 
and  no  irregularities  such  as  clay  veins,  horsebacks  or  faults  have  been 
found.  The  roof  coal  makes  a  good  safe  roof.  The  clay  is  taken  down 
with  the  main  coal. 

This  mine  is  troubled  somewhat  by  the  presence  of  fire-damp  and 
oil.  The  oil  is  found  mostly  on  one  side  of  the  mine,  where  it  seeps  out 
of  the  coal  and  roof  and  gathers  on  the  water  in  the  drains  and  sumps. 
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Enough  is  gathered  to  oil  the  small  coal  cars  and  machinery  about  the 
mines,  and  the  remainder  is  pumped  out  with  the  water  and  turned  into 
the  creek.  It  has  taken  fire  several  times  and  so  caused  considerable 
trouble  in  working  the  mine.  The  amount  of  fire-damp  is  not  large. 
After  the  mine  has  been  examined  in  the  morning  by  the  mine  boss 
with  a  safety  lamp,  the  miners  go  in  with  their  naked  lights. 

The  shaft  is  seventy-four  feet  deep  from  the  surface  to  the  bottom  of 
the  coal.  The  strata  passed  through  are  alternate  beds  of  limestone  and 
clay  shale.  The  four-foot  coal  that  supplied  local  use  before  the  shaft 
was  opened,  is  here  ninety-eight  feet  above  the  bottom  of  the  Pittsburgh 
coal.  The  coal  from  the  shaft  is  shipped  and  used  on  the  narrow-gauge 
railroad  running  past  the  mine  from  Bellaire  to  Zanesville. 

The  composition  of  the  coal  is  as  follows :    (Lord) 

Moisture 1.56 

Volatile  oombastible  matter 42.47 

Fixed  carbon 47.70 

Ash 8.28 

Sulphur.. 6.14 

Specific  gravity 1.345 

Goshen  Toumship, — ^The  Pittsburgh  coal  shows  in  but  one  place  in  this 
township.  That  is  in  N.  W.  quarter  section  86.  The  coal  is  there 
stripped  in  the  bed  of  the  stream  on  Du  Bois's  land.  No  mines  in  the 
coal  were  found  in  the  township.  At  Du  Bois's  place  the  coal  is  from 
four  and  one-half  to  five  feet  thick,  with  the  usual  partings.  Where  it 
was  opened  no  roof  coal  was  observed,  but  its  place  was  taken  by  a  bed 
of  clay.  The  roof  coal  may  have  been  eroded  by  the  present  water 
course.  To  the  north  of  this  exposure  the  bed  of  limestone  a  few  feet 
above  the  coal  was  noticed  in  full  force. 

Warren  Tovmship.—ThiB  township  shows  the  coal  in  the  northern 
and  western  part.  The  eastern  and  southern  part  is  high  land,  form- 
ing a  part  of  the  watershed  between  the  Ohio  and  Muskingum  rivers. 
In  this  township  the  Meigs  Creek  coal  is  worked  almost  if  not  quite  as 
much  as  the  Pittsburgh  coal.  About  Barnesville  the  Meigs  Creek 
coal  is  used  almost  entirely.  The  two  coals  are  here  of  about  the  same 
quality  and  thickness,  the  Pittsburgh  coal  being  cut  down  by  the  sand- 
stone roof. 

In  sections  11  and  17  the  Pittsburgh  coal  is  reported  about  four  feet 
thick,  with  no  roof  coal  and  a  poor,  weak  shale  roof,  while  the  Meigs  Creek 
coal  is  of  about  the  same  thickness,  with  a  firm  strong  roof.  In  sections 
12  and  17  the  thick  ledge  of  sandstone  comes  down  on  the  coal,  cutting 
away  the  roof  coal  and  reducing  the  upper  bench  of  the  main  coal.  In 
the  northwest  corner  of  the  township  the  coal  is  from  four  to  four  and 
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one-half  feet  thick,  with  the  sandstone  roof.    It  is  here  so  filled  with 
pyrites  as  to  be  almost  useless,  even  for  domestic  and  steam  purposes. 
The  coal  is  worked  in  N.  E.  quarter  section  31  for  the  use  of  the 
locomotives  on  the  B.  &  0.  B.  B.    It  here  gives  the  following  section : 

Shaly  sandstone  (not  measured) 

Sandy  shale - 31  feet 

Goal... 13  inches. 

Clay  parting - - 1  inch. 

Coal 28  inches. 

Slate i  inch. 

Coal... 14  inches. 

Clay... 6       « 

Limestone  (not  measured) > — 

The  coal  all  through  the  southwest  part  of  the  township  has  about 
the  same  section  as  that  above  given.  The  sandstone  frequently  rests 
immediately  on  the  coal,  and  the  quality  is  then  usually  poorer,  there 
being  more  pyrites  in  the  coal, 

Somerset  Towruhip. — The  Pittsburgh  coal  is  found  only  in  sections  80 
and  36  of  this  township.  It  is  reported  to  have  the  same  thickness  and 
structure  as  in  the  southwestern  part  of  Warren  township. 

Guernsey  County. 

MUlvjood  Tcvomhip. — This  township  has  a  larger  area  of  the  Pittsburgh 
coal  than  any  other  township  of  Guernsey  county.  In  the  southeast 
corner,  along  the  B.  &  0.  B,  B.,  the  coal  is  about  130  to  140  feet  above 
the  track.  At  the  west  side  of  the  township  it  is  from  210  to  220  feet 
above  the  track  and  near  the  hill-tops.  The  high  ridge  and  its  spurs 
between  Salt  Fork  of  Wills  Creek,  in  Oxford  township,  and  Leather- 
wood  Creek  in  this  township,  holds  the  coal  throughout  the  township. 

In  N.  E.  quarter  section  20,  near  Quaker  City,  on  the  land  of 
Doudna  and  Bros,  the  coal  is  mined  for  local  use.  It  here  gives  the  fol- 
lowing section : 

Shale  roof  (not  measured) 

Slaty  coal,  not  good 3-4  inches. 

Coal 10       " 

Slate  parting  with  pyrites }-l-inch. 

Coal 20  inches. 

Clay  parting i-l-inch. 

Coal 16  inches. 

Clay 

The  total  coal  is  about  four  feet.  In  this  mine  a  few  horsebacks 
have  been  found  that  cut  down  almost  to  the  bottom  of  the  coal. 

The  coal  ranges  about  four  feet  throughout    the  township,  and 
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usually  has  considerable  pyrites  scattered  through  the  coal,  as  well  a» 
gathered  at  the  upper  parting.  No  trace  of  the  roof  coal  was  founds 
In  many  places  in  the  township  there  is  no  shale  between  the  coal  and 
the  sandstone  that  is  shown  over  the  shale  in  the  last  section.  The 
quality  of  the  coal  is  usually  reported  as  poorer  when  the  sandstone 
rests  on  it.  At  Quaker  City  the  coal  is  190  feet  by  the  Y-level,  above 
the  Ames  limestone,  and  at  Salesville,  in  section  32,  it  is,  by  hand-level,. 
193  feet  above  the  Ames  limestone. 

Qx/brd  Tovmahip. — The  principal  area  of  the  Pittsburgh  coal  in  this 
township  is  in  the  ridge  running  east  and  west  through  the  central  part 
of  the  township,  along  which  the  national  turnpike  runs.  There  is  aridge 
in  the  southeast  corner  that  holds  the  only  other  area  of  any  size.  There 
are  small  unimportant  outliers  in  sections  9,  25,  27,  31  and  35,  which 
are  of  little  economic  value,  the  coal  in  them  having  a  light  cover  and 
beings  very  poor  and  rotten.  About  Fairview,  in  the  eastern  part  of  the 
township,  the  coal  is  from  thirty-eight  to  fifty  inches  thick,  with  a  sand- 
stone roof  and  no  roof  coal. 

In  N.  W.  quarter  section  2,  at  Oalbraith's  bank,  just  west  of  Fair* 
view,  the  coal  measures  as  follows  : 

Shale,  yellow  \  

"      black     ] • 

Coal .'. 12  inches. 

Parting  of  clay  or  slate 4-6      " 

Coal 15       " 

Thin  parting 

Coal 12  inches. 

Fire-clay  (exposed) 8     " 

The  best  coal  is  found  in  the  middle  bench  of  fifteen  inches.     The 
bearing-in  is  made  on  the  lower  parting. 

A  coal  near  the  place  of  No.  86  has  been  cut  through  in  a  well  near 
this  mine.  Il  was  reported  as  two  feet  thick  and  very  slaty  and  poor. 
The  interval  could  not  be  measured.  At  this  mine  the  coal  always  dipa 
to  the  west,  at  one  place  as  much  as  eight  feet  in  100  feet.  No  roof  coal 
was  found  either  here  or  farther  west.  In  the  southeast  corner  of  this 
township  no  sandstone  was  noticed  over  the  coal,  only  clay  shale.  The 
marks  of  coals  8a  and  86  were  noticed  at  several  points.  The  Ames 
limestone  is  exposed  in  section  6,  but  the  interval  to  the  No.  8  coal 
could  not  be  measured  with  the  hand-level.  To  the  west  of  Fairview 
for  a  few  miles  a  clay  shale  replaces  the  sandstone  over  the  coal  and 
marks  of  coals  8a  and  86  were  observed.  The  roof  coal  was  not  seen,, 
but  was  reported  in  the  outlier  in  sections  25  and  27  of  a  thickness  of 
twelve  inches  and  with  twelve  inches  of  clay  between  the  main  coal 
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and  the  roof  coal.    The  coal  was,  years  ago,  worked  in  a  shaft  in  S.  E. 
quarter  section  20,  and  is  reported  three  and  one-half  feet  thick  there* 

Londonderry  Township. — This  township  has  little  of  the  Pittsburgh 
coal.  The  largest  area  is  in  the  southeast  corner  in  sections  4, 5, 10  and  11. 
In  sections  13,  28,  29  and  35,  small  outliers  are  found,  which  are  of  little 
economic  value  even  for  local  use.  Through  the  southeast  corner  the 
coal  usually  has  the  sandstoae  roof,  but  in  some  places  clay  shale  takes 
its  place  either  partially  or  entirely.  The  coal  averages  about  four  feet 
thick  with  the  two  partings  as  found  about  Fairview.  In  the  outliers 
in  sections  28,  29  and  35,  the  coal  is  reported  from  three  and  one-half  to 
four  feet  thick,  with  no  roof  coal.  Many  horsebacks  and  clay  veins 
have  been  found  where  these  outliers  have  been  worked. 

RichUindand  Wilis  Towmhips.—The^e  townships  have  no  important 
area  of  the  Pittsburgh  coal,  only  afew  small  outliers  being  found  in  them. 
In  Richland  township  small  areas  are  found  in  the  high  hills  &bout  the 
village  of  New  Gottingen — two  small  areas  of  a  few  acres  each  to  the 
west  and  southwest,  and  a  small  area  in  sections  12  and  13,  to  the  south- 
east of  the  village.    The  thickness  could  not  be  learned. 

The  only  area  in  Wills  township  is  in  section  20,  possibly  extend- 
ing into  section  19.  The  area  is  very  small,  and  as  no  openii  gs  have 
been  made,  the  thickness  was  not  learned.  Small  outliers  have  been 
reported  in  section  17,  of  Madison  township,  and  in  sections  10  and  17, 
of  Jeflferson  township,  but  the  localities  were  not  visited,  as  they  are  of  no 
economic  value. 

Spencer  Township. — The  horizon  of  the  Pittsburgh  coal  is  found  in  this 
township,  but  the  coal  is  of  little  value  and  cannot  compete  with  the 
Meigs  Creek,  or  Cumberland  coal,  found  from  90  to  100  feet  above  it. 

From  southern  Guernsey  county  to  the  southwest  through  Noble 
and  Morgan  counties,  the  Pittsburgh  coal  is  of  very  little  value.  It  be- 
comes thin  and  very  irregular,  sometimes  disappearing  altogether.  It 
regains  its  thickness  and  value  in  Athens  and  Meigs  counties,  where  it  is 
known  as  the  Pomeroy  coal. 

The  accompanying  map  shows  the  area  underlaid  by  this  noble 
vein  of  coal  in  Jefferson,  Belmont  and  Guernsey  counties,  except 
Madison,  Wills,  Richland  and  Spencer  townships  of  Guernsey  county. 

The  western  outcrop  of  the  coal  sweeps  around  through  Harrison 
county,  where  there  is  much  good  coal  in  this  seam,  but  there  was  not 
time  to  follow  it  through  that  county.  Hence  that  field  is  left  for  a 
future  report. 

40  G. 
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The  composition  of  the  Pittsburgh  seam  in  two  of  the  Cadiz  mines 
is  appended :    {Lard.) 


Moisture  ~ .....f 

Volatile  combustible  matter 

Fixed  carbon^..... 

Ash 

Sulphur 


2.90 

2.92 

89.85 

41.00 

49.25 

49^7 

8.00 

6.61 

3.74 

8.79 

1,  Cadi''  Coal  Company,  Porter  mine. 

2.  Cadix  Coal  Company,  Rutan  mine. 

To  allow  comparison  with  the  best  phases  of  the  Pittsburgh  seam, 
the  following  analyses  of  the  coal  from  the  several  pools  of  the  Yough- 
iogheny  field  are  appended.  The  coals  were  sampled  from  stock  in  the 
Cincinnati  market,  and  were  not  therefore  fresh.  They  were  analyzed 
by  the  same  method  that  has  been  em|)loyed  in  the  examination  of  our 
own  coals.    The  figures  are  as  follows :    (Lord.) 


8 


Moisture 

Volatile  combustible  matter 

Fixed  carbon 

Ash 

Sulphur.. 


1.89 

86.18 

67.86 

6.07 

0.79 


1.40 

89.64 

6681 

8.76 

1.08 


1.48 

86.88 

67.26 

4.49 

0.96 


1.23 

84.65 

66.22 

7.90 

1.28 


1.  Ist  Pool  coal. 

2.  2d  Pool  coal. 
8.  8d  Pool  coal. 
4.  4th  Pool  ooal. 


CHAPTER  XI. 

THE  POMEROY  AND  FEDERAL  CREEK  COAL  FIELD. 


By  Ellis  Lovkjoy,  £.  M. 


Under  the  head  of  The  Pomeroy  and  Federal  Creek  Coal  Field  will 
be  considered  that  portion  of  the  Pittsburgh  coal  in  southwestern  Morgan 
county,  Athens  county,  Meigs  county,  and  northeastern  Gallia  county, 
together  with  sections  showing  the  geological  range  of  the  field. 

L    GEOLOGICAL  STRUCTURE. 

The  following  generalized  section  shows  the  structure  of  the  Upper 
Coal  Measures  and  a  small  portion  of  the  Upper  Barren  Measures  in 
Meigs  county  : 


No. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

II 

12 


Coal  blossom 

Shales,  red  and  yellow,  sometimes  sandy 

Sandstone,  Waynesburg,  base  of  the  Upper  Barren  Measures. 

Coal  blossom,  Waynesbarg « 

Shales  alternating  with  laminated  sandstones.. 

Coal  blossom,  Meigs  Creek 

Shales,  often  sandy  

Impare  white  limestone.. 

Sandstone,  Pittsburgh 


Goal. 


Shales 

Coal,  Pomeroy . 


Feet 


40to   80 
80  to   60 


120  to  140 


66  to  86 

Ito  8 

40  to  80 

Ito  2 

12  to  26 

Ito  8 


Feet. 


}  880 


270 


140 


75 


20 


Limestone. 

A  thin  impure  white  limestone,  No.  8  of  the  above  section,  found 
in  sections  30  and  83,  and  fractional  section  12,  Salisbury  township,  and 
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section  4,  Rutland  township,  is  the  only  representative  of  the  numerous 
seams  found  in  the  Upper  Coal  Measures  to  the  north. 

Gbmxbaljzkd  Siction  of  thk   Uppxb  Ck)AL    Mkasubxs  in  Athkms  and    Mobgan 

CouNTin. 


No. 


Feet. 


Feet. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

28 

19 


Macksbarg  sandstone 

Coaj  blossom.  Macksbarg,  place  of.. 

Shales- 

White  limestoDe.. 

Shales 

White  limestone.. 

Shales.. 

White  limestone.. 

Shales- 

White  limestone- 

Shales- 

Coal  blossom,  Meigs  Creek- , 

Shales  and  laminated  sandstone 

White  limestone- 

Sandy  shales-..  ' 


White  limestone 

Red  clay - 

Sandstone 

Pomeroy  coal,  top  of. 


*  or  sandstone. 


60 


10 
Oto  8 

85 
Oto  10 

16 
Oto  7 

26 
Oto  12 

10 


20 
Oto  15 

80 

Oto  4 

Oto  25 

10  to  75 


190 


180 


146 


180 


105 


95 


76 


45 


Coals. 

The  mark  of  a  coal,  100  to  HO  feet  above  the  Waynesburg  coal,  may 
be  seen  in  fractional  sections  2  and  6,  Chester  township  and  in  section  8, 
Sutton  township.    It  belongs  to  the  Upper  Barren  Measures. 

The  mark  of  the  Waynesburg  coal  is  found  under  the  heavy  sand- 
rock  through  southern  Chester  township,  and  central  and  eastern  Sutton 
township.    It  is  of  no  economic  value  in  this  field. 

Faint  traces  of  a  coal  are  found,  120  feet  to  140  feet  above  the 
Pomeroy  coal,  in  sections  7  and  31,  Bedford  township,  and  in  section  30, 
Salisbury  township. 
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A  thin  seam  of  coal,  twenty  feet  to  twenty-five  feet  above  the 
Pomeroy  coal,  is  found  in  Bedford  and  Scipio  townships  and  to  the  north 
in  Athens  county.  It  is  wanting  in  Salisbury,  Sutton  and  Rutland 
townships.  We  will  describe  it  more  fully  in  connection  with  the 
Pomeroy  coal  along  Shade  Creek. 

Limestones. 

No  single  section  of  the  limestones  of  the  Upper  Coal  Measures  in 
this  portion  of  the  field  can  be  taken  as  a  type  section. 

Unlike  the  regular  persistent  marine  limestones  of  the  Lower 
Measures,  these  white  limestones  appear  and  disappear,  thicken  up  and 
thin  out  with  confusing  abruptness. 

No.  4  of  the  above  section  may  be  seen  in  N.  W.  section  19,  Marion 
township,  Morgan  county,  and  in  fractional  section  4,  Lodi  township, 
and  section  18,  Rome  township,  Athens  county.  At  the  latter  place  the 
following  section  was  measured : 


No. 

1 
2 

a 

4 

6 

6 

7 

6 

9 

10 

11 

12 


Interval  to  top  of  hill  coataiaiog  sandstone.. 
Coal  (?)  blossom,  faint,  place  of  Macksbarg  .. 

Interval 

Top  of  white  limestone 

Interval 

Top  of  white  limestone 

Shale,  where  exposed 

Coal  blossom,  Meigs  Creek 

Shales 

Interval,  not  exposed 

Sandstone 

Top  of  Pomeroy  coaL 


Feet.   Feet 


65 


37 


81 


54 


22 


185 


177 


140 


100 


The  limestones,  Nos.  6,  8  and  10  of  the  general  section,  must  be  con- 
sidered collectively.  They  belong  between  the  Meigs  Creek  and  Macks- 
burg  coals.  In  section  14,  Union  township,  Morgan  county,  is  a  single 
seam,  126  to  133  feet,  inclusive,  above  the  Pomeroy  coal.  In  S.  E. 
section  32^  Marion  township,  are  two  beds  at  99  and  142  feet,  re- 
spectively, above  the  Pcmeroy  coal.  In  N.  E.  section  25,  Marion  town- 
ship, we  find  two  beds  at  135  feet  and  at  141  to  153  feet.  In  8.  E. 
section  30,  Bern  township,  Athens  county,  two  beds  at  131  and  147  feet. 
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In  fractional  section  2,  Ames  township,  but  one  of  this  series  at  103  feet. 
Likewise  at  Evansville,  in  Lodi  township,  is  there  but  one,  at  107  feet. 

In  W.  section  32,  Canaan  township,  we  find  a  single  seam,  at  106 
feet.  In  section  21,  Union  township,  we  find  a  series  of  limestones  and 
shales  extending  from  104  to  132  feet  above  the  coal  with  no  well  marked 
interval  of  separation.  The  same  is  true  in  fractional  section  31,  Marion 
township,  where  the  series  extends  from  99  to  126  feet  above  the  coal. 

The  white  limestone,  No.  14  of  the  general  section,  seventy-five  feet 
above  the  Pomeroy  coal,  is  the  most  persistent.  It  alone,  in  Meigs 
county,  finds  a  place  in  the  general  section. 

The  following  section,  measured  on  the  Gifford  farm,  in  section  30, 
Bern  township,  shows  the  position  of  the  limestone  : 


No. 


White  limeBtone 

Buff  limestone 

White  limestone 

Pomeroy  coal,  top  of.. 


Feet. 


147 
131 

74 
0 


The  intervals  are  omitted.  The  sandstone  over  the  Pomeroy  coal 
was  seen  thirty-nine  feet  thick. 

In  fractional  section  2,  A  mes  township,  Athens  county,  the  limestone, 
No.  14  of  the  geneial  section,  is  seen  fifteen  feet  thick ;  in  N.  E.  section  7, 
Canaan  township,  eleven  feet;  in  S.  W.  section  26,  Rome  township, 
thirteen  feet.  In  the  northern  portion  of  the  field,  in  section  4,  Union 
township,  Morgan  county,  the  interval  between  the  limestone  and  the 
Pomeroy  coal  was  measured  seventy-four  feet.  To  the  south,  in  N.  E. 
section  33,  Salisbury  township,  Meigs  county,  the  interval  was  seventy- 
five  feet.  In  the  latter  place  the  strata  were  exposed  for  110  feet  above 
the  limestone  with  no  sign  of  coal  or  limestone. 

The  limestone  forty-five  feet  above  the  Pomeroy  coal,  is  often  want- 
ing, the  place  being  occupied  b}*  the  Pomeroy  sandstone.  It  was  seen  in 
N.  W.  section  8,  and  fractional  section  32,  Homer  township,  Morgan 
county,  and  in  N.  W.  section  23,  Ames  township,  Athens  county. 

Coals. 

The  coals  above  the  Pomeroy  coal  are  of  little  value.  The  coal 
blossom,  190  feet  above  the  Pomeroy  coal,  is  the  equivalent  of  the  Macks- 
burg  or  "Sandstone  Vein"  of  Washington  county. 
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The  marks  of  it  were  found  in  section  18,  Rome  township,  and  in 
fractional  section  5,  Bern  township,  Athens  county.  The  overlying 
sandstone  accompanied  it  in  both  instances. 

The  coal  ninety-five  feet  above  the  Pomeroy  coal,  is  the  equivalent 
of  the  Meigs  Creek  coal,  of  eastern  Morgan  county,  and  of  the  '^Lime- 
stone  Vein,"  of  Washington  county.  Blossoms  of  it  were  seen  in  sections 
30,  24  and  23,  Ames  township,  Athens  county.  It  is  found  along  Big 
Bun,  in  Rooie  township,  and  along  Marietta  Run,  in  Bern  township. 
At  the  mouth  of  the  latter  run  the  interval  between  this  coal  and  the 
Pomeroy  coal  is  increased  to  117  feet.  It  is  mined  for  local  use  along 
Coal  Run,  in  S.  E.  Marion  township,  also  in  Windsor  township,  Morgan 
county. 

Clay. 

The  upper  portion  of  the  Pomeroy  sandstone  is  sometimes  replaced 
by  a  bed  of  red  clay. 

It  is  well  shown  on  the  Mansfield  Petroleum  Company's  land  at 
Joy,  and  on  Linscott  Run,  section  7,  Homer  township,  Morgan  county. 

Gbkeralizbd  Sxction  of  thb  Loweb  Barrbm  Msasubss. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 


Pomeroy  coal,  base  of  U.  C.  Measures.. 

Shales 

White  limestone,  littsbargh.. 

Shales 

Sandstone  

Black  slate  or  slaty  coal 

White  limestone 

Shales,  often  sandy 

Ames  limestone.. 

Shales 

Thin  coal- 

Shales 

Goal. 


Shales  or  sandstone 

Ewinje  limestone 

Shales,  often  sandy 

Patriot  coaL 

Sandstone  or  shale.. 

Cambridge  limestone  or  flint.. 

Shales 

Coal 


Shales  

Limestone  or  flint.. 

Shale  or  sandetone 

Brash  Creek  coal 

Shales  

Mahoning  sandstone.. 

Upper  Freeport  coal,  top  of  L.  C.  Measures.. 


Feet. 


2to  20 

Oto  8 

40  to  60 

80  to  60 


Ito  8 

60  to  70 

6  in.  to  15 

Oto  10 


20  to  80 
Oto  8 
2  to  10 
Oto  3 

15  to  30 
Oto  2 

15  to  80 
Ito  5 
Oto  20 


5  to  16 

Oto  6 

10  to  16 


6  to  10 
66  to  70 


Feet. 


860 


800 


206 
160" 


135 


90 

ai" 

70 ' 
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The  lower  Barren  Measures  are  not,  as  the  name  would  indi<^ter 
barren.     We  find  in  them  six  coals  and  six  limestones. 

LiMKSTONBB. 

The  Pittsburgh  limestone,  a  white,  fresh  water  limestone,  naoallj 
accompanies  the  Pomeroy  coal. 

Nos.  6  and  7  of  the  general  section  are  local  formations.  Indiv^idual 
sections  containing  them  will  be  given  when  we  come  to  speak  of  the 
coal  along  Long  Run. 

Three  thin  local  limestones  or  limestone  ores,  not  shown  in  the 
general  section,  are  found  between  the  limestone  marked  seven  in  the 
section  and  the  Ames  limestone.  One  at  sixty  feet  to  sixty-five  feet 
above  the  Ames;  one  at  forty-five  to  fifty  feet  above  the  Ames;  and  the 
third,  thirty  feet  above  the  Ames. 

They  may  be  seen  in  Athens  and  Alexander  townships,  Athens 
county. 

The  Ames  limestone  i$  the  first  marine  limestone  found  in  descend- 
ing the  scale. 

A  firm,  highly  fossiliferous  rock,  twelve  inches  to  thirty-six  inches 
thick,  its  western  outcrop  may  be  followed  continuously  from  the  north, 
through  western  Morgan  county  and  across  Athens  county.  In  Morgan 
county,  it  is  found  from  100  feet  to  120  feet  above  the  Cambridge  lime- 
stone, and  from  145  feet  to  170  feet  below  the  Pomeroy  coal.  In  Athens 
county,  the  interval  between  it  and  the  Cambridge  is  decreased  to  from 
seventy  feet  to  ninety  feet. 

In  Scipio  and  Rutland  townships,  Meigs  county,  it  becomes  a  bed  of 
yellow  fossiliferous  shale,  with  more  or  less  limestone  interstratified, 
eight  feet  to  fifteen  feet  thick.  These  beds  of  shale  are  well  shown  along 
Muddy  Fork  of  Leading  Creek  in  southwestern  Scipio  township,  and 
along  the  west  branch  of  Little  Leading  Creek  from  Harrisonville, 
Scipio  township,  to  the  northwest. 

In  Columbia  and  Salem  townships,  Meigs  county,  and  in  Morgan 
township,  Gallia  county,  it  is  a  thin  impure  limestone,  yet  still  highly 
fossiliferous.  It  is  found  in  this  southern  portion  of  the  field  from 
eighty  feet  to  ninety  feet  above  the  Cambridge  limestone. 

The  Ewing  limestone  is  subject  to  many  changes  in  character.  In 
Malta  and  Bloom  townships,  Morgan  county,  it  is  a  coarse  conglomerate. 
In  section  32,  Deerfield  township,  it  is  a  nodular  blue  carbonate  contain- 
ing 16.50  per  cent,  of  iron.  On  Little  Willow  Creek,  section  84,  Canaan 
township,  Athens  county,  it  becomes  an  impure  white  limestone.  In 
Lee  township,  it  becomes  again  a  conglomerate.  In  N.  E.  section  5, 
Salem  township,  Meigs  county,  we  find  a  conglomerate.    In  section  30, 
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Addison  township,  Gallia  county,  an  impure  white  limestone  is  found 
at  this  horizon.  In  N.  E.  Springfield  township,  the  Ewing  becomes  a 
fine-grained  conglomerate. 

The  Cambridge  limestone  or  flint  is  found  through  the  western 
portion  of  the  field.  In  northern  Morgan  county,  it  is  a  flint  rock  from 
five  to  eight  feet  thick.  In  section  8,  Union  township,  it  comes  to 
the  surface,  in  the  bed  of  the  east  branch  of  Sunday  Creek,  a  limestone 
eighteen  to  twenty-four  inches  thick.  It  holds  thus  through  eastern 
Trimble,  Dover,  and  Athens  townships,  Athens  county.  It  disap- 
pears in  the  bed  of  the  Hocking  River,  in  section  34,  Canaan  town- 
ship. In  Alexander  township  it  becomes  again  a  flinty  limestone. 
Here  also  a  second  flint  comes  in  five  to  ten  feet  below  the  Cambridge.. 

These  twin  seams  hold  through  Lee  township  and  Columbia  town- 
ship, Meigs  county.  In  northern  Columbia  township,  the  lower  seam 
becomes  six  feet  thick  and  the  upper  one  five  feet,  with  an  interval  of 
twenty  feet  between  them.  In  section  24,  the  upper  seam  is  eight  to 
fourteen  inches  thick,  the  lower  one  twenty  inches,  with  an  interval  of 
twenty-five  feet.  A  thin  coal  is  found  in  the  interval,  fifteen  feet  from 
the  lower  limestone. 

An  excellent  section  was  measured  in  section  16,  Columbia  town- 
ship, which  is  herewith  given  in  full: 

1.  FoBsiliferons  limestone,  Cambridge  12  inches. 

2.  Interval  not  exposed 19  feet. 

8.    Coal  blossom 

4.  Shale 8    " 

5.  Fossiliferous  limestone '. 24  inches. 

6.  Shale 16    " 


{Coal,  4  inches  1 
Clay,  14  inches  > 
Coal,  12  inches  J 


7.    Brush  Greek  Coal  \  Clay,  14  inches  }■  30  inches. 


8.  Shale 9    " 

9.  Mahoning  sandstone 66    " 

10.    Upper  Freeport  Coal  in  bed  of  run  

The  Upper  Freeport  coal  of  this  section  has  been  mined  for  local 
use.  The  limestones  are  quite  sandy,  but  have  lost  their  flinty  char- 
acter. 

We  lose  the  lower  limestone  in  Salem  township.  The  upper  seam 
ranges  from  twelve  to  thirty  inches  thick  and  is  sufiSciently  pure  for  the 
manufacture  of  lime.  It  holds  this  through  Morgan  and  Springfield 
townships,  Gallia  county. 

Coals. 

A  thin  coal  of  no  economic  importance  often  accompanies  the  Ames 
limestone. 
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From  twenty-five  to  forty  feet  below  the  Ames  limestone  is  found 
a  quite  persistent  seam  of  coal,  which  is  occasionally  mined  for  local 
use. 

The  following  section,  which  shows  the  place  of  these  coals,  was 
measured  in  section  27,  York  township,  Morgan  county.  The  intervals 
were  not  exposed  and  are  omitted  : 

1.  Coal  blcssom,  No.  11,  of  general  section 99  feet. 

2.  Coal,  6  iochefi,  sandstone  roof,  No.  13,  general  section 81    *' 

8.  Patriot  coal,  fossil  shale  roof,  18  to  22  inches  thick 42    " 

4.  Cambridge  flint  in  bed  of  run 0    *' 

'  The  Ames  limestone  was  found  above  the  upper  coal.  Similar 
sections  were  found  in  sections  3  and  llj  Deerfield  township.  In  the 
latter  section,  on  Oil  Spring  Run,  the  two  lower  coals  have  been  worked 
by  stripping.  An  interesting  section,  which  shows  the  position  of  the 
coals  with  reference  to  the  Ewing  as  well  as  the  Ames  limestone,  was 
measured  in  section  32,  Deerfield  township. 
It  is  as  follows  : 

1.  Ames  limestone,  21  inches 77  feet 

2.  Coal  blossom,  (No.  18,  of  general  section) 46    ** 

8.  Limestone  ore,  Ewing  limestone  29    " 

4.  Patriot  coal,  fossil  feroas  shale  roof,  22  inches 0    ** 

The  coal.  No  13  of  the  general  section,  is  mined  in  section  6,  Saljem 
township,  Meigs  county,  where  it  has  the  following  structure: 

1.  Coal 14  inches. 

2.  Slate 8      « 

8.    Coal : 28      " 

The  Patriot  coal  gets  its  name  from  Patriot,  Gallia  county.  It  lies 
from  eighteen  to  forty-five  feet  above  the  Cambridge  limestone.  A  highly 
fossiliferous  shale  loof  which  this  coal  carries  serves  to  distinguish  it 
from  other  coals  of  the  Lower  Barren  Measures.  It  is  a  quite  persistent 
seam.  We  find  it  through  Bloom,  Deerfield  and  Malta  townships,  Mor- 
gan county,  where  it  is  variously  reported  from  eighteen  to  thirty  six 
inches  thick.  It  has  been  mined  for  local  use  by  stripping,  and  is  re- 
ported an  excellent  grate  coal.  In  Athens  county  it  is  found  in  section  1, 
Trimble  town  ship;  in  lot  91,  section  20,  Athens  township;  in  lot  ^ 
section  23,  Alexander  township;  and  in  section  23,  Lee  township. 

In  Meigs  county  we  find  it  in  eastern  Columbia  township  and 
western  Scipio  township.    Also  at  Langsville,  Rutland  township. 

In  N.  E.  section  5,  Salem  township,  it  becomes  an  impure  cannel 
coal  ten  inches  to  fourteen  inches  thick.  It  here  carries  a  heavy  sand- 
stone root.  The  thin  coal  which  accompanies  the  Cambridge  limestone 
is  of  no  economic  value. 
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Traces  of  the  Brush  Creek  coal  are  found  in  York  township,  Morgan 
county.  In  section  16,  Lee  township,  Athens  county,  it  has  been  mined 
for  local  use.  In  section  16,  Columbia  township,  Meigs  county,  it  has, 
on  the  outcrop,  the  following: 

Coal  4  inches. 

Clay 14       ** 

Coal 12       « 

On  Buzzard's  Run,  section  24,  Columbia  township,  we  fir.d  it  from 
six  to  twenty-two  inches  thick.  The  Cambridge  limestone  and  its  com- 
panion seam,  with  the  thin  coal  between  them,  are  also  found  here. 
Blossoms  of  the  Brush  Creek  coal  were  seen  in  section  35  and  fractional 
section  17,  Columbia  township. 

The  Upper  Freeport  coal  belongs  to  the  Lower  Coal  Measures.  For 
a  description  of  it,  see  Geology  of  Ohio,  Vols.  Ill  and  V.  In  Meigs 
county  it  is  mined  for  local  use  in  fractional  section  17,  Columbia  town- 
ship, where  it  has  the  following  structure: 

Coal 10-20  inches. 

Slate. 2-6       " 

Coal 13-18     " 

It  is  also  mined  in  section  36,  Salem  township,  where  it  was  seen 
forty  inches  thick  without  the  slate  parting. 

Sakdstonb. 

We  have  spoken  of  the  Waynesburg  sandstone  of  the  Upper  Barren 
Measures  and  of  the  Macksburg  and  Pomeroy  sandstone  of  the  Upper 
Coal  Measure?.  In  the  Lower  Barren  Measures  are  two  which  play  an 
important  part  in  the  topography  of  this  field.  In  Lodi  and  Canaan 
townships,  Athens  county,  between  the  Ames  limestone  and  Pomeroy 
coal,  is  a  sandstone  from  thirty  to  ninety  feet  thick.  North  of  the  Hock- 
ing River  in  Canaan  township,  it  reaches  quite  up  to  the  place  of  the 
Pomeroy  coal,  while  south  of  the  river  it  is  separated  from  the  coal  by 
twenty  to  thirty  feet  of  slate. 

We  find  a  similar  sandstone  at  the  same  horizon,  near  Langsville, 
Rutland  township,  Meigs  county.  A  thin  persistent  sandstone  is  found 
overlying  the  Cambridge  limestone. 

Under  cover  it  becomes  the  "  oil  rock  "  of  Federal  Creek,  Homer 
township,  and  of  Buck  Run,  Union  township,  Morgan  county. 

It  is  also  the  ''  first  oil  sand "  of  Macksburg,  and  of  Cow  Run, 
Washington  county. 

The  Mahoning  sandstone,  overlying  the  Upper  Freeport  coal,  is  the 
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remaining  heavy  sandstone  of  the  Lower  Barren  Measures.    Ifc  may  be 
seen  in  Columbia  township,  Meigs  county,  from  fifty  to  sixty  feet  thick. 


II.  THE  POMEROY  AND  FEDERAL  CREEK  COAL  FIELD. 

The  map  accompanying  this  report  shows  the  western  outcrop  and 
developed  area  of  the  Pomeroy  and  Federal  Creek  coal. 

For  convenience  in  describing  the  coal,  the  field  will  be  considered 
under  four  head?,  as  follows  : 

1.  The  Pomeroy  field. 

2.  The  Shade  Creek  field. 

3.  The  Long  Run  field. 

4.  The  Federal  Creek  field. 

1.  The  Pomeroy  field  is  by  far  the  most  important  one.  Above  drain- 
age we  find  it  in  four  townships,  viz.,  Cheshire,  Gallia  county,  Sutton, 
Salisbury  and  Rutland,  Meigs  .county. 

Along  the  Ohio  River,  in  the  first  three  townships  named,  it  is 
mined  in  the  large  way,  at  Antiquity,  Syracuse,  Miners ville,  Pomeroy, 
and  in  Watt's  mine,  and  Karr's  mine  near  Cheshire. 

The  country  banks  are  quite  numerous.  Throughout  the  body  of 
the  field  the  coal  is  very  regular;  a  single  section  becomes  a  type  sec- 
tion for  a  considerable  portion  of  the  field. 

Sdction  of  the  coal  in  the  Peacock  mine  at  Pomeroy  : 

Coal 8  tol4  inches. 

Horn  coal 3  " 

Coal 42  to  47      " 

CUy 4 

Coal 7 

Sometimes  a  thin  streak  of  slate  is  found  in  the  main  bench,  fifteen 
to  seventeen  inches  from  the  bottom.  The  roof  coal  and  horn  coal  are 
used  in  the  salt-works.  The  thin  under  coal  is  not  mined.  With  the 
exception  of  the  under  clay  and  coal,  which  could  cot  be  seen,  the 
structure  of  the  coal  at  Syracuse,  Minersville,  and  along  Karr's  Run,  is 
the  same  as  that  given  above. 

Section  of  the  coal  from  N.  W.  section  26,  Salisbury  township  : 

Roof  coal 12  inches. 

Horn  coal 1} 

Coal 4i  " 

Clay 7  to  11 

Coal 4 
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Excepting,  as  before,  the  under  clay  and  coal,  the  above  section  is 
practically  the  same  as  that  at  Middleport  and  in  fractional  section  36, 
Salisbury  township,  where  sections  were  measured. 

The  comparison  of  this  section  with  that  of  the  Peacock  mine 
shows  but  little  variation  in  the  structure  of  the  seam.  In  T.  H.  King's 
mine,  lot  315,  Salisbury  township,  the  main  bench  thickens  to  forty- 
eight  inches,  the  roof  coal  and  horn  coal  being  the  same  as  in  the  pre- 
ceding section. 

In  Gardner's  bank,  N.  E.  section  1,  Rutland  township,  the  coal  has 
the  following  structure : 


R)of  coal. 
Horn  "  . 
Coal 


8  to  12  inches. 
3 
86i 


The  following  analyses  show  the  character  of  the  coal : 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

Moistare 

4.76 

89.16 

60.a5 

5.76 

0.77 

4.72 
38.96 
46.21 
10.12 

2.03 

3.50 

40.17 

47.89 

8.14 

1.96 

604 

37.58 

61.82 

656 

1.49 

6.03 

34.61 

54.09 

5.27 

0.71 

8.97 

40.51 

48.53 

6.99 

2.13 

4.58 

39.90 

50.40 

6.12 

133 

4.70 

38.79 

5019 

632 

1.4H 

6.20 

38.9i 

5014 

6.72 

1.43 

6.62 

Vol,  comb,  matter.. 

Fixed  carbon 

Ash 

37.42 

50.88 
6.08 

Snlohnr  

086 

1.  Peacock  mine,  Pomeroy. 

2.  Middleport 
8.  Minersville. 
4.  SyracQse. 

6.  T.  H.  King,  lot  315,  Balisbary. 


6.  J.  Thomas,  N.  W.  section  26,  Salisbury. 

7.  Fractional  section  36,  Salisbnry. 

8.  Eversbach's  mine,  Pomeroy. 

9.  Karr's  Run,  N.  W.  section  2,  Sutton. 

10.  Gardiner's  mine,  N.E.  section  1,  Rutland. 


These  analyses  show  taat  the  body  of  the  Pomeroy  field  contains  a 
coal  of  considerable  excellence. 

It  is  fairly  low  in  ash,  moisture  and  sulphur.  In  fixed  carbon  it 
ranks  between  the  Middle  Kittanning  and  Upper  Fre  port  coals. 

In  Watt's  mine,  two  miles  below  Middleport,  the  coal  has  the  fol- 
lowing structure : 

Roof  coal 24  inches. 

Slate  parting 

Coal 6i     " 

Slate  parting 

Coal 37       " 

The  lower  slate  parting  is  called  ''the  band."  The  upper  one  is  quite 
thin,  but  it  marks  the  boundary  of  the  roof  coal,  which  is  not  mined. 
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The  analysis  of  the  coal  is  k&  follows :     (Jjyrd,) 


(1.) 

(2) 

Moisture • 

8.96 
39.78 
45.86 
10.41 

484 

4.81 

Volatile  and  combustible  matter 

38.60 

Fixed  carbon 

5005 

Aflh^ 

6  51 

Sulphur.... 

\A% 

1.  Wail's  mine. 

2.  Average  of  the  ten  analyses  on  preceding  poge.    A  considerable  change,  not 
only  in  the  structure  of  the  seam,  but  in  the  character  as  well,  appears  in  Watt's  coal. 

The  structure  of  the  coal  in  Harper's  bank,  N.  W.  section  26,  Salis- 
bury township,  is  shown  in  the  following  section. 

Roof  coal 11  inches. 

Slate  parting 

Horn  coal 8  ** 

Hard  coal 9  " 

Coal 42  " 

Clay  not  mined 4}  " 

Coal  •*        6  " 

In  the  Big  Kyger  Coal  Works,  J.  Blackburn  &  Son,  lot  396,  S.  E. 
section  9,  Cheshire  township,  Gallia  county,  the  coal  has  the  following 
structure : 

Coal .' 9  inches. 

Slate \ i  to  2  inches. 

Coal 89  inches. 

The  horn  coal  of  the  Pomeroy  section  is  not  recognized.  In  HyselPs 
bank,  lot  382,  N.  W.  section  15,  Cheshire  township,  the  structure  of  the 
coal  is  as  follows : 

Coal 12  inches. 

Slate  parting 

Coal ; 13     " 

Slate  parting 

Coal 80     " 

This  triple  structure  of  the  seam  is  often  recognized  in  the  Shade 
Creek  coal  and  in  the  lower  bench  of  the  Federal  Creek  coal,  but  cannot 
be  traced  through  the  body  of  the  Pomeroy  field. 

The  coal  in  H.  B.  Smith's  bank,  lot  6,  Cheshire  township,  also 
shows  a  triple  structure. 
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Coal 12  inches. 

Slate  - 4  to  IJ  inches. 

Coal 9  inches. 

Slate  parting ^ 

Coal 28      " 

The  analyses  of  these  coals  are  herewith  given  :    (Lord,) 


1. 


2. 


8. 


Moisture > 

Volatile  and  comhnstihle  matter 

Fixed  carbon.. 

Ash 

Snlphar , 


6.24 

88.82 

4842 

7.62 

L69 


6.01 

4074 

46.12 

6.18 

2.48 


4.88 

40.41 

46.88 

7.88 

2.52 


No.  1.    Big  Eyser  Coal  Works. 
No.  2.    Hysell's  coal. 
No.  8.    H.  B.  Smith's  ooal. 

A  comparison  with  the  first  ten  analyses  p^iven  shows  a  slight 
decrease  in  the  fixed  carbon,  and  an  increase  in  the  ash  and  sulphur. 

We  now  come  to  speak  of  the  boundary  of  the  area  of  minable  coal 
in  the  Pomeroy  field,  together  with  the  adjacent  area  of  thin  coal. 

At  the  boundary,  in  many  places,  the  coal  shows  a  marked  thicken- 
ing, and  with  this  thickening  comes  a  number  of  slate  partings  un- 
known in  the  center  of  the  field. 

Beyond  the  boundary  the  coal  suddenly  drops  to  thirty  inches  or 
less,  with  two,  or  more  often,  but  one  slate  parting. 

A  few  sections  will  be  given  to  show  the  structure  of  the  coal  at 
and  beyond  the  boundary. 

The  following  section  of  the  coal  was  measured  in  J.  Martin's  bank, 
N.  W.  section  16,  Salisbury  township  : 

Goal 2    inches. 

Slate U  " 

Horn  coal 2  " 

Hard  coaU 16  •* 

Coal 27 

Slate 7 

Coal  (not  mined) 4  " 

With  the  exception  of  the  slate  parting  near  the  top,  the  structure 
of  this  coal  varies  but  little  from  that  of  the  normal  seam. 

In  the  adjoining  quarter  section  to  the  north,  S.  E.  section  23,  Salis- 
bury township,  on  A.  Houck's  land,  the  structure  is  as  follows : 
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Coal ^ 6  inches. 

Slate  parting.^ 

Coal 19  inches. 

Slate 9 

Coal 8 

A  little  further  to  the  north,  in  the  8am6  quarter  with  the  last 
section,  the  seam  becomes  as  follows : 

Coal 17  inches. 

Slate.^ 8 

Coal 2       " 

To  the  north,  the  coal  holds  thin  till  it  runs  under  in  section  24, 
Salisbury  township. 

From  the  mouth  of  Ball's  Run,  fractional  section  3,  Salisbury  town- 
ship, to  its  head  where  the  coal  runs  under  in  section  30,  the  seam  is  thin, 
variously  reported  from  12  inches  to  34  inches,  with  a  single  slate  seam. 

On  E.  Deihl's  land,  S.  W.  section  34,  Salisbury  township,  the  struc- 
ture of  the  coal  is  as  follows : 

Slaty  roof  coal.. 21  inches. 

SoTidBtone 3  " 

Coal 2J      " 

Slate  parting 

Coal 8  " 

Slate ^ 1 

Coal.- 25  " 

Slate... 6 

Coal,  not  mined 4  ** 

Here  we  have  a  total  of  seven  feet  and  two  and  one-half  inches,  but 
with  it  comes  four  slate  partings  and  a  thin  parting;  of  sandstone, 

In  N.  W.  section  34,  Salisbury  township,  on  R.  Chase's  land,  we  see 
the  thin  coal. 

CoaU 23    inches. 

Slate 2J       " 

Coal 6 

The  coal  in  S.  S,  Smith's  bank,  S.  W.  section  4,  Rutland  township, 
has  a  total  thickness  of  sixty-eight  inches,  with  nine  inches  of  slate, 
distributed  as  follows:  One  inch,  sixteen  inches  from  the  bottom; 
three-fourths  inch,  twenty  three  inches  from  the  bottom,  and  seven 
inches,  twenty-four  Inches  from  the  top.  In  the  adj  )ining  hills  to  the 
north  the  coal  is  reported  eighteen  inches  thick. 

In  W.  section  3,  Rutland  township,  in  J.  E.  Stansbury's  bank,  the 
coal  is  reported  nine  feet  nine  inches,  including  twenty  one  inches  of 
slate. 
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A  section  of  the  coal  in  section  3,  Rutland  township,  given  in  Vol. 
I,  Ohio  Geological  Survey;  page  250,  shows  a  total  thickness  of  ten  feet, 
including  twenty-eight  inches  of  slate  and  shale. 

la  fractional  section  six,  Rutland  township,  the  following  section 
was  measured: 

Slaty  roof  coaL 84  inches. 

Slate  parting 

Coal , 12  " 

Slate.- ^ 7  ** 

Coal 3  " 

Slate.- 2  " 

Coal 6  " 

Slate., 8  " 

Coal ^ 17  *• 

Slate  parting 

Coal 6  " 

In  the  same  hill  with  the  coal  of  the  last  section,  on  J.  Black's  land, 
fractional  section  6,  Rutland  township,  we  find  the  coal  as  follows : 

Coal 14  inches. 

Slate  parting 

Coal 9       " 

Slate linch. 

Coal.. 6 inches. 

Here,  again,  we  have  the  triple  structure,  that  is  shown  in  the  coal 
in  Cheshire  township,  Gallia  county. 

The  slate  partings  in  the  thick  coal  rapidly  disappear  to  the  south 
and  southeast,  toward  the  center  of  the  Pomeroy  tield. 

In  Stevens's  bank,  fractional  section  6,  Rutland  township,  in  the 
same  hill  with  the  coal  of  the  preceding  sections,  the  3-inch  slate  band, 
twenty-two  inches  from  the  bottom,  has  disappeared. 

In  S.  Paine's  bai^k,  section  8,  Rutland  township,  the  coal  has  a  total 
thickness  of  seven  feet,  with  but  two  thin  bands  of  slate,  one  six  inches 
from  the  bottom  and  the  other  under  the  roof  coal  thirty-one  inches  from 
the  top. 

In  L.  M.  Higley's  bank,  section  7,  Rutland  township,  we  find  two 
slate  bands;  a  5-inch  band,  four  inches  from  the  bottom,  and  an  inch 
band,  twenty-four  inches  from  the  top. 

In  Hooper's  bank,  fractional  section  7,  Rutland  township,  the  coal 
measures  five  feet  six  inches,  four  feet  of  which  is  mined. 

Samples  from  Higley's  and  Hooper's  banks  show  the  following  com- 
position : 

41        G. 
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Moisture 

Volatile  combastible  matter 

Fixed  carbon 

Ash 

Sulphur 


No.  1.    Hooper's  coal. 
No.  2.    L.  M.  Higley's  coal. 

No  analyses  of  the  coal  along  the  boundary  have  been  made.  JUT r. 
Hooper's  coal  lies  near  the  western  boundary,  yet  it  has  not  the  thick- 
ness and  does  not  contain  the  numerous  slate  bands  of  the  coal  on  Eisel- 
stein'B  and  Hugg's  lands,  a  mile  to  the  west.  In  the  latter  place,  frac- 
tional section  1,  Rutland,  the  coal  has  a  total  thickness  of  seven  feet 
four  inches,  including  five  slate  bands. 

None  of  the  slate  bands  exceed  two  inches  m  thickness,  bat  they 
are  so  distributed  that,  excepting  thirty-six  inches  of  slate  roof  coal, 
the  thickest  bench  of  soli'i  coal  is  sixteen  inches.  In  northwest  section 
25,  Rutland  township,  the  coal  was  measured  twenty-seven  inches  and 
thirty-one  inches,  with  no  slate  partings. 

In  Gallia  county'the  coal  does  not  show  the  thickness  seen  in  Meigs 
county.  The  structure  of  the  coal  on  H.  B.  Smith's  land,  northwest  of 
Kygersville,  Cheshire  township,  has  already  been  given. 

In  northeast  section  26,  Cheshire  township,  the  coal  is  four  feet 
thick,  with  three  thin  streaks  of  slate,  one  twenty-six  inches  from  the 
bottom,  a  second,  thirty  inches  from  the  bottom,  and  the  third,  six  inches 
from  the  top. 

In  northeast  section  6,  Spriagfield  township,  the  coal  measured 
twenty-eight  inches,  with  no  partings*. 

In  northwest  section  29,  Addison  township,  thirty  inches ;  in  north- 
west section  24,  Addison  township,  thirty-five  inches,  with  a  slate  streak 
nine  inches  from  the  top.    This  completes  the  circuit. 

South  of  Campaign  Creek,  in  Addison  and  Gallipolis  tqwnships, 
the  coal  is  very  thin,  oftentimes  wanting. 

Thb  Shade  Creek  Field. 

The  Shade  Creek  Field  includes  portions  of  Bedford  and  Scipio 
townships,  Meigs  county,  and  of  Lodi  and  Alexander  townships,  Athenb 
county. 
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With  the  exception  of  the  western  outcrop,  the  field  is  drained  by 
Shade  creek  and  its  branches. 

Where  the  coal  becomes  of  minable  thickness  on  Kingsbury  Run, 
Bedford  township,  north  of  the  interval  of  thin  coal  indicated  on  the 
map,  the  structure  of  the  Pomeroy  coal  is  no  longer  recognised.  The 
thin  under  coal  is  gone ;  the  inferior  roof  coal  cannot  be  distinguished ; 
the  horn  coal  is  unknown.  The  sandrock  which  comes  down  on  the 
coal  in  the  south  is  now  separated  from  the  coal  by  fifteen  to  twenty 
feet  of  shale  capped  by  a  thin  coal. 

In  a  few  places  a  white  limestone  is  found  between  the  two  coalb. 
The  Pittsburgh  limestone,  under  the  Pomeroy  coal,  holds  quite  steady 
throughout  this  field  Both  coals  are  mined  for  local  use.  The  follow- 
ing sections  show  the  structure  of  the  upper  or  rider  seam. 


(1) 

(2) 

(3) 

(4) 

Coal., 

4 

i 
26 

6 
4 

12 
2 

8 

17 

5late 

6 

5 

L  N.  W.  section  11,  Scipio  township,  Meigs  ooanty. 

i.  Fractional  section  2,  Scipio  township,  Meigs  county. 

8.  R.  £.  section  29,  Bedford  township,  Meigs  connty. 

4.  8.  W.  section  26,  Bedford  township,  Meifcs  county. 

In  Athens  county  the  upper  seam  is  thin  and  seldom  mined.  We 
find  it  at  Hamilton's  Mills,  eighteen  feet  above  the  Pomeroy  coal.  It  is 
reported  eighteen  inches  thick.  Along  Pratt's  fork  in  Lodi  township 
it  is  variously  reported  twelve  to  thirty-six  inches  thick.  At  Evansville, 
section  16,  Lodi  township,  it  is  found  twelve  feet  above  the  Pomeroy 
coal.    It  is  here  twelve  inches  thick. 

The  lower  or  Pomeroy  coal  proper  is  by  far  the  most  important.  It 
is  mined  to  supply  the  local  trade  in  the  following  banks : 

Alkire's  and  Davis'  banks,  section  2,  Scipio. 
Mill  bank  at  Bnngtown,  Bedford. 
J.  E.  Swacy,  8.  E.  section  29,  Bedford. 
Hart's,  fractional  section  4,  Scipio. 
Hamilton's  Mil),  8.  £.  Alexander. 
Pleasanton,  Alexander. 
Williams'  bank,  N.  W.,  section  19,  Lodi. 
Evansville,  section  16,  Lodi. 

The  normal  structure  of  the  coal  is  indicated  by  the  following  sec- 
tion measured  at  Hamilton's  mill  in  S.  E.  Alexander  township. 
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Goal 9  incbe& 

Slate  streak 

Coal 80        " 

Slate  streak 

Coal 12        ** 

The  slate  streaks  are  very  thin,  but  are  wonderfully  steady  through- 
out the  field. 

The  only  place  where  both  of  them  were  not  found  was  at  Evans* 
ville,  where  the  coal  was  measured  forty-five  inches  with  a  single  slate 
streak  seventeen  inches  from  the  top.  The  greatest  variation  is  in  the 
upper  bench.  The  middle  bench  ranges  between  seventeen  and  twenty- 
one  inches.  The  lower  bench  from  nine  to  twelve  inches,  usually  the 
latter.  Samples  of  the  coal  from  Sevacy's  and  Hart's  bank  show  the 
following  composition. 


MoiBture.. 

Volatile  combuBtible  matter. 

Fixed  carbon.. 

Ash 

Salphur 


(1) 


4.17 

6.41 

41.83 

40.16 

47.04 

46.31 

7.46 

8.12 

5.88 

^.06 

(2) 


No.  1.    Jas.  £.  Levacy's  bank. 
No.  %.    Hart's  bank. 

These  analyses  show  a  decided  falling  off  in  fixed  carbon  from  the 
coal  of  the  body  of  the  Pomeroy  field.  The  high  percentage  of  sulphur 
is  decidedly  against  the  coal. 

The  whole  seam  is  mined.  The  maximum  thickness  was  seen  in 
Williams'  bank,  N.  W.  section  19,  Lodi  township,  Athens  county.  The 
section  of  the  coal  is  herewith  given. 

Coal 7  inches. 

Slate  streak 

Coal 8J     " 

Slate  streak 

Coal 6       « 

Slate  streak.. 

Coal 16       « 

Slate  streak 

Coal 17       « 

In  this  section,  in  addition  to  the  two  slate  partings  which  hold 
throughout  the  field,  we  find  two  other  partings  which  split  the  upper 
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and  middle  benches.  These  two  partings  are  by  no  means  local.  We 
find  the  upper  one  in  the  coal  at  Pleasanton,  Alexander  township.  We 
also  find  it  in  the  Federal  Creek  coal. 

On  Mr.  Williams'  place  the  Pittsburgh  lime  was  seen,  thirty  inches 
thick,  from  two  to  four  feet  below  the  coal.  The  upper  or  rider-coal  is 
reported  here  thirty-six  inches  thick.  A  thin  nodular  limestone  is 
found  between  the  two  coals. 

The  Loko  Run  Field. 

The  Long  Run  field  is  a  comparatively  narrow  spur  from  the  Shade 
Creek  coal.  It  extends  from  the  mouth  of  Long  Run  in  section  23, 
Lodi  township,  to  the  northern  part  of  section  34,  Canaan  township.  Jn 
width,  its  extent  is  quite  limited.  On  Douglas  branch  of  Shade,  a  little 
more  than  a  mile  to  the  west,  there  is  no  coal  of  mineable  thickness.  A 
mile  to  the  east  brings  us  into  the  branches  of  Willow  Creek  where, 
except  a  small  area  on  the  Middle  branch  in  section  19,  Canaan  and 
section  18,  Lodi,  no  coal  mined  or  reported  of  mineable  thickness. 

The  following  sections  were  measured  to  determine  the  place  of  the 
Long  Run  coal : 

Section  in  lot  40,  section  8,  Athens  township : 

1.  Coal  blossom,  Pomeroy 

2.  Top  of  white  limestone,  thickness  not  seen* 

8.  Interval 57  feet 

4.  Coal  blossom 

6.  Top  of  white  limestone,  thickness  not  seen.. 

6.  Interval  114  feet 

7.  Ames  limestone.. 1  foot 

8.  Interval 80  feet 

9.  Cambridge  limestone 1  foot. 

The  coal  or  slate  underlaid  by  a  white  limestone,  114  feet  above  the 
Ames  limestone,  is  an  unusual  element  in  the  scale,  and  a  puzzling  one 
in  the  absence  of  well-marked  guides. 

In  section  1,  Athens  township;  the  following  was  seen : 

1.  Coal  blossom.. , ,..; 

2.  Interval.. * 11  feet 

8     Coal  blossom,  Pomeroy  coal.. 

4.  Interval 5      " 

5.  Top  of  white  limestone,  thickness  not  seen 

6.  Interval- 64      *• 

7.  Slaty  coal,  false  bedded,  under  a  heavy  sand-rock 

8.  Interval.. 6     •* 

9.  Top  of  white  limestone  in  bed  of  Douglas  run.. 
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In  this  section  we  find  the  coal  and  limestone,  which  in  the  last 
section  lies  114  feet  above  the  Ames.  We  have  also  the  Pittsburgli  lime- 
stone and  the  Pomeroy  coal  of  the  last  section. 

Besi  ies  these  we  have  a  mark  of  the  rider  coal  so  steady  in  the  Shade 
Creek  field.  The  heavy  sand-rock  over  the  slaty  coal  may  be  followed 
continuously  down  Douglas  branch  and  up  Long  Run.  On  Long  Ran, 
in  section  30,  Lodi  township,  a  coal  was  reported  in  the  bed  of  the  run. 
The  Pomeroy  coal  here  lies  sixty  feet  above  the  bed  of  the  run,  the  in- 
terval being  occupied  by  the  heavy  sand-rock.  The  structure  of  the 
Pomeroy  coal  at  this  place  is  as  iollows : 

Coal  24  inches. 

Slate 12     « 

Coal 4     *• 

Clay 12      •* 

Coal 86     " 

At  the  head  of  Long  Run,  in  section  32,  Canaan  township,  a  section 
was  measured  which  is  here  given  in  full: 

1.  White  limestone^ 1  foot. 

2.  Sandy  shale  and  laminated  sandstone.. 47  feet. 

8.    Coal  (?)  blossom,  faint 

4.  Shales,  often  sandy^ 37    " 

5.  White  limestone.. 1  foot. 

6.  Red  shales.. 14  feet. 

7.  Coal  blossom,  rider  seam.. 

8.  Shales- 15    " 

9.  Coal,  Pomeroy»  mined 4    '' 

10.  Red  shales.. 28    " 

11.  Not  seen.. 16    " 

12.  Sandstone  to  bed  of  Long  Ran 30    ** 

Passing  now  to  Little  Willow  Creek,  in  section  33,  Canaan  township, 
we  find  the  following : 

1.  Coal,  Pomeroy,  mined..  4  feet  to  8  feet. 

2.  Interval  containing  heavy  sand-rock.. 170    ** 

8.    Ames  limestone.. 1  foot. 

The  E  wing  limestone  is  found  here  in  the  bed  of  Little  Willow  Creek, 
and  the  Cambridge  limestone  in  the  bed  of  the  Hocking  River. 

In  Jesse  Fisterwald's  mine,  section  33,  Canaan  township,  the 
Pomeroy  coal  has  the  following  structure : 

Coal 4  to.7  inches. 

Slate  streak 

Coal  25  inches. 

Slate 7     ** 
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Coal 6  inches. 

Clay 10     " 

Coal 6     " 

8iate  streak  « ... 

Coal 80     " 

A  comparison  of  this  section,  with  the  sections  of  the  Federal  Creek 
coal,  can  leave  little  doubt  in  regard  to  identity. 

The  analyses  of  Fisterwald's  coal  is  herewith  given : 


Moisture 

Volatile  combustible  matter.. 

Fixed  carbon 

Ash.. 

fiulphur.. 


5.44 

40.13 

48.04 

6.89 

2.76 


5.09 

87.85 

60.68 

6.48 

8.15 


No.  1.    Upper  bench. 
No.  2.    Lower  bench. 

With  the  exception  of  sulphur,  the  composition  of  the  lower  bench 
differs  but  little  from  the  composition  of  the  coal  in  the  Pomeroy  field. 

The  upper  bench,  which  is  considered  the  better  coal,  shows  a  slight 
improvement  in  the  bulphur,  but  a  marked  falling  off  in  fixed  carbon. 

As  previously  stated,  the  coal  is  found  throughout  the  length  of 
Long  Run,  and  with  one  exception  already  noted,  it  is  thin  or  wanting 
on  the  runs  to  the  east  and  to  the  west. 

On  the  east  side  of  Long  Run  the  coal  is  found  in  good  force,  and  is 
mined  or  stripped  on  nearly  every  farm.  The  lower  bench  ranges  from 
thirty-six  inches  to  forty-two  inches ;  the  upper  bench  from  a  few  inches 
to  the  thickness  already  given  in  the  preceding  sections.  On  the  west 
side  of  the  run,  however,  but  one  or  two  attempts  have  ever  been  made 
to  mine  the  coal.  The  upper  bench  is  reported  absent,  and  the  lower 
bench  less  than  thirty-six  inches  thick.  With  these  reports  before  us 
we  cannot  hope  for  any  considerable  area  of  mineable  coal  west  of  Long 
Run.  To  the  east,  on  Willow  creek,  in  section  19,  Canaan  township, 
the  upper  bench  is  represented  by  twelve  inches  of  slaty  coal.  The 
lower  bench  is  from  thirty  inches  to  thirty-six  inches  thick.  Through 
eastern  Athens  township,  northern  and  eastern  Canaan  township,  and 
southern  and  central  Ames  township,  the  Pomeroy  coal  is  wanting. 
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Thb  Fbdbral  Cbeek  Field. 

The  Federal  Creek  field  is  second  in  im];)ortance.  It  includes  parts 
of  Rome,  Bern  and  Ames  townships,  Athens  county,  Homer  and  Itf  arion 
townships,  Morgan  county. 

The  coal  is  mined  throughout  the  field  for  local  use.  Witl^  the 
advent  of  the  Marietta  Mineral  Railway  in  1S85,  three  mines  ^vrere 
opened  in  the  southeastern  part  of  the  field,  with  facilities  for  stiippiii^ 
coaL    They  are  as  follows : 

1.  Coulter  &  Batto,  N.  W.  section  18,  Rome  townBbip. 

2.  Heybarn  Bros.  &  Go.,  8.  W.  section  13,  Bern  township. 

8.    Wickham,  Haines  and  Schuler,  N.  £.  section  19,  Bern  township^ 

In  Hey  burn  Bros.  &  Co.'s  mine  the  coal  reaches  its  maximum  tliici:* 
neds  as  follows : 

Coal - ^ 22  inehes. 

Slate  streak 

Coal 28  " 

Slate « 7  •* 

Coal ^ a  •* 

Clay  • 12  " 

Coal 12  " 

Slate  streak.. 

Coal 3d  «* 

Both  benches  are  mined  for  the  general  market. 
A  sample  of  the  coal  from  this  mine  shows  the  following  com- 
position : 

Moisture  -.. ^ - w....«....    4.18 

Volatile  combustible  matter ^ 40J22 

Fixed  carbon 60.16 

Ash.. ^ ^ 6.46 

Sulphur - - 2.96 

With  the  exception  of  the  sulphur,  the  analysis  of  this  coal  com- 
pares very  favorably  with  the  average  of  the  Pomeroy  field. 

In  Coulter  and  Butt's  mine  the  coal  is  not  so  thick.  A  section  of  it 
was  measured  as  follows : 

Coal ^ ~ 26  inches^ 

Slate « 8  " 

Coal.. —    4  " 

Clay .• 12  " 

CoaU .• 8  •* 

Slate  streak .«•...  ^. 

Coal ^ 22  •* 

Slate  streak ^ 

Coal.. ft  - 


THE   POMEBOT  AND   FEDERAL   CREEK   COAL-FIELD.  649 

The  coal  tapped  by  these  two  mines  is  continuous.  On  the  opposite 
Bide  of  Federal  Creek,  a  little  northwest  of  Heyburn  Bros  &  Co.'s  mine, 
in  Wickham,  Haines  and  Schuler's  mine,  the  upper  bench  is  thirty- 
seven  inches  with  a  slate  streak  eight  inches  from  the  top,  and  the  lower 
bench  is  thirty-eight  inches  thick  with  a  slate  streak  thirty  inches  from 
the  bottom.  In  fractional  section  25,  Bern  township,  the  upper  bench 
is  forty-five  inches,  and  the  lower  bench  forty-eight  inches  with  two 
slate  streaks,  one  fourteen  inches  from  the  top,  and  tbe  other  five  inches 
from  the  bottom. 

A  comparison  of  the  above  sections  with  those  of  the  Long  Run  coal, 
shows,  that,  though  separated  by  a  considerable  area  of  barren  territory, 
the  conditions  under  which  these  coals  were  formed  were  identical.  In 
the  lower  bench  in  Coulter  and  Butt's  mine,  and  in  Wilson's  mine, 
fractional  section  25,  Bern  township,  we  have  duplicates  of  the  triple 
structure  so  characteristic  in  the  Shade  Creek  field.  Additional  sections 
will  be  given  to  show  that  this  triple  structure  is  not  confined  to  these 
two  mine?  in  the  Federal  Creek  field. 

The  thin  rider  coal,  so  persistent  in  the  Shade  Creek  and  Long  Run 
fields,  is  not  known  north  of  the  Hocking  River.  In  the  Federal  Creek 
field,  as  in  the  Pomeroy  field,  its  place  is  occupied  by  the  Pomeroy  sand- 
stone. The  Federal  Creek  coal  comes  above  the  bed  of  Federal  Creek 
near  the  mouth  of  Big  Run  in  section  18,  Romn  township.  We  find  it 
along  Federal  Creek  to  section  26,  Bern  township,  where  it  becomes  thin, 
and  Along  Marietta  Run  to  where  it  goes  under  in  fractional  section  1, 
Bern  township.  From  section  26,  Bern  township,  to  the  west  along 
Federal  Creek  and  its  southern  branches,  the  coal  is  not  found.  In  Bern 
township  it  comes  in  again  on  Sharp's  Fork  of  Federal  Creek,  near  the 
mouth,  and  it  may  be  followed  to  the  north. 

Section  of  the  coal  in  Wells's  bank,  fractional  section  34,  Bern 
township: 

Roof  coal,  not  mined,  reported 86  inches. 

Clay 12     " 

Goal 18     " 

Slate  streak 

Coal 32      « 

In  N.  E.  section  29,  Bern  township,  in  Gilchrist's  bank,  the  coal  has 
the  following  structure: 

Coal 88  inches. 

Slate 16  " 

Clay 12  *• 

Coal 18  " 

Slate  streak  «  ... 

Coal 19  " 

Slate  streak 

Coal 11  « 
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Here  we  have,  again,  the  triple  structure  in  the  lower  bench.  To 
the  north  along  Opossum  Run,  the  upper  bench  becomes  thin  and 
unsteady. 

The  lower  bench  is  mined  in  Carls  and  Edgerton's  banks  in  section 
19,  Marion  township,  Morgan  county.  In  Woodyard's  bank,  N.  E,  sec- 
tion 25,  Marion  township,  the  upper  bench  is  eight  inches  and  the  lower 
bench  forty  inches. 

The  coal  runs  under  in  fractional  section  32,  Marion  township,  but 
becomes  thin  before  reaching  that  place.  Up  Sharp's  Fork,  from  the 
mouth  of  Opossum  Run,  section  29,  Bern  township,  the  coal  is  mined 
for  local  use. 

The  upper  bench  is  quite  unsteady.  The  Ames  limestone  comes 
above  drainage  in  section  31,  Marion  township,  and  may  be  followed 
continuously  to  the  northwest.  Near  Joy,  in  S.  W.  section  32,  Marion 
township,  the  upper  bench  of  the  coal  is  sixteen  inches,  the  lower  bench 
is  thirty  six  inches. 

In  N.  W.  section  2,  Homer  township,  on  the  Mansfield  Petroleum 
Company's  land,  the  upper  bench  is  thin,  and  the  lower  bench  ranges 
from  forty  to  forty-six  inches.  A  sample  from  the  Mansfield  Petroleum 
Company's  bank  shows  the  following  composition: 

Moisture 465 

Volatile  combustible  matter 39.d9 

Fixed  carbon 46.46 

Ash 10.00 

Sulphur 4.89 

It  runs  unusually  high  in  ash  and  sulphur,  and  low  in  fixed  carbon. 
To  the  north,  the  coal  thins  out  in  section  3,  Homer  township. 

In  fractional  sections  1,  2  and  6,  Homer  township,  both  benches  are 
found  in  full  force. 

The  following  section  of  the  coal  was  measured  in  Berry's  bank, 
fractional  section  2,  Homer  township : 

Coal 11  inches. 

Slate  streak ... 

Coal 41      " 

Clay 12      " 

Coal  4}    " 

Slate  streak 

Coal 7}    " 

Slate  streak ... 

Coal 22     " 

Slate  streak ... 

Coal 9}    " 

A  comparison  of  the  sections  in  the  Federal  Creek  and  Long  Run 
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fields  show  the  persistency  of  tbe  thin  slate  streak  near  the  top  of  the 
upper  bench. 

The  heavy  slate  band  found  in  the  coal  on  Federal  Creek  and  Long 
Run  is  wanting  in  Homer  township.  A  sample  from  the  lower  bench 
in  Hogshead's  bank,  fractional  section  6,  Homer  township,  shows  the 
following  composition: 

Moisture 6.30 

Volatile  combustible  matter 40.18 

Fixed  carbon 48.50 

Ash «    6.02 

Sulphur 2.87 

The  northern  boundary  of  mineable  coal  in  this  part  of  the  field  is 
reached  in  section  16  and  fractional  section  4,  Homer  township.  Only 
the  lower  bench  is  found  at  this  limit.  To  the  north,  the  coal  drops  to 
eighteen  inches  and  less. 

We  have  already  spDken  of  the  gap  in  the  coal  near  the  mouth  of 
Sharp's  Ford,  Bern  township,  and  of  its  extension  to  the  west  and  south 
through  Ames  and  Canaan  townships. 

To  the  northwest  the  coal  comes  in  again  in  sections  11,  12  and  18, 
where  it  has  been  worked  lor  many  years  to  supply  Amesville  and 
vicinity. 

In  Rice's  bank,  section  11,  Ames  township,  it  has  the  following 
structure  : 

Goal,  not  mined 6  inches. 

Clay.. 12 

Coal 8       " 

Slate  streak.. - 

Coal 24  inches. 

Slate  streak 

Coal 8  inches. 

Through  sections  3,  4  and  5,  Ames  township,  the  coal  is  reported 
thin  or  wanting.  In  the  northern  part  of  section  6,  on  Linscott  Run,  it 
is  mined.  From  there  we  may  follow  it  to  the  north  into  Morgan 
county.  In  section  7,  Homer  township,  near  where  it  runs  under,  it  is 
thirty-three  inches  thick,  with  a  slate  streak  eight  inches  from  the  bot- 
tom. In  sections  30  and  36,  Ames  towmhip,  is  a  small  area  of  the  coal 
surrounded  by  comparatively  barren  territory. 

In  Bodeman  &  Wolfs  bank  the  upper  bench  is  represented  by  nine, 
teen  inches  of  slaty  coal,  while  the  lower  bench  is  forty-eight  inches 
thick.  In  Scare's  bank,  the  upper  coal  is  reported  from  twelve  to 
eighteen  inches  thick,  the  lower  bench  from  forty-eight  to  sixty  inches. 
In  Mason's  bank  the  lower  bench  is  reported  forty-two  inches. 
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In  Boathwesiem  Homer  townfhip,  Morgan  oonnty,  the  coal  is  thin 
or  wanting. 

From  fractional  section  31,  through  fractional  sections  36,  18,  17  and 
23,  and  into  8f ction  23,  Homer  townfhip,  the  coal  is  mined  for  local  use. 

Similarly  from  fractional  section  32,  through  fractional  sectiona  24, 34 
and  35,  and  Fection  29,  one,  and  often  both  benches  are  found  in  good  force. 

In  J.  Steffy's  bank,  section  29,  the  structure  of  the  coal  is  a^  follows  : 

Oo«L... ^ 20  inches. 

Slate  parting 

Coal 24  inches. 

Clay 12        « 

Coal , 4 

Slate  parting 

Coal 12  inches. 

Slate  parting.... 

Coal 23  inches. 

Slate  parting 

Coal 8  inches. 

In  Howard's  bank,  section  29,  the  structure  of  the  coal  is  the  same 
fte  that  given  above. 

On  J.  Shaner*s  phce,  fractional  section  35,  the  uppe^  bench  is  want- 
ing. The  lower  bench  is  reported  four  feet  thick.  East  of  Biehopville 
is  a  small  outlier  of  the  coal  mined  for  local  use. 

A  sample  of  the  coal  from  Steffy's  bank  has  the  following  compo- 
sition: 

Moisture 5.89 

Volatile  combustible  matter 41.18 

Fixed  carbon ,  46.82 

Ash 7.11 

Sulphur 4,16 

The  coal  thins  out  in  the  northern  part  of  Homer  township,  and 
holds  thin  to  the  north,  through  Union  township. 
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THE  MANUFACTURE  OF  SALT  AND  BROMINE. 


By  W.  J.  Root,  £.  M. 


Geography. 

Ohio  is  now  the  third  state  in  the  Union  in  the  production  of  com- 
mon salt.  From  the  report  of  the  Saginaw  Board  of  Trade,  containing 
therein  statistics  compiled  by  the  Michigan  Salt  Association,  we  secure 
the  following  statistics  on  the  production  of  salt  in  the  United  States 
for  1885. 

Michigan 8,300.000  barrels. 

»ew  York- l,748i,O0O 

Ohic 530,000 

LoulBiana 830,000 

West  Virginia 200,000 

Oalifornia 176,000 

Pennsylvania '. 170,000 

Utah 96,000 

Virginia.. - 85,000 

Illinoifl 50,000 

Kentucky 16,000 

Maasachasetts 1,900 


Totol 6,703,900  barrels. 

There  was  imported  from  foreign  countries,  3,100,000  barrels,  making 
a  total  consumption  in  the  United  States  for  1885  of  9,803,900  bar- 
rels, equivalent  to  2,745,092.000  pounds,  or  about  50  pounds  of  salt  per 
capita.  Of  this  vast  amount,  the  Michigan  Salt  Association  alone 
handled  nearly  three  million  barrels,  which  is  nearly  one-half  the  total 
product  of  the  United  States  and  one-third  of  the  total  amount  of  salt 
consumed. 

It  is  estimated  that  the  product  in  Ohio  the  present  season  will 
exceed  515,000  barrels,  being  distributed  as  follows: 
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Me]f2:B  county 400,000  banele. 

Tuscarawas  coanty 65,000        " 

Morgan  county 25,000        '* 

Columbiana  county  20,000        *' 

Guernsey  county 5,000       " 

Totel 516,000  barrels. 

There  are  sixteen  furnaces  in  Ohio  at  present,  being  distributed  as 
follows : 

Meigs  county,  7  furnaces,  average  daily  capacity 2C0  barrels  each. 

Tascarawas  county  3       "  **  '*  *•         .    .      65       "  ** 

Morgan  '*        4       "  **  "  "         20       "  •* 

Columbiana     *'        1        "  **  "  "         65       "         " 

Guernsey         "        1        «  «  .  u         ^5       "         « 
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Columbiana  County. 

But  one  furnace  is  now  active  in  this  county.    It  is  located  on  the 
New  Lisbon  branch  of  the  N.  Y.,  P.  &  0   R.  R.,  a  short  distance  from 
New  Lisbon,  and  is  owned  by  the  New  Lisbon  Salt  Company.    The  fur- 
nace was  built  in  1868.    It  has  a  daily  capacity  of  sixty  five  barrels.   Two 
wells  furnish  the  necessary  brine.    They  are  drilled  to  a  depth  of  630 
and  687  feet.    The  brine  has  a  strength  of  10®  Beaume,  as  it  conies  from 
the  wells.    (For  explanation  of  Beaume's  hydrometer,  see  Process  of 
Manufacturing.)    The  brines  are  quite  impure,  requiring  a  large  set- 
tling capacity  and  yielding  a  high  percentage  of  bitterns.    The  bitter 
water  has  no  commercial  value  except  as  a  fertilizer.     Bromine  is  not 
present  in  sufficient  quantity  to  pa}^  for  manufacturing.    The  steam 
and  pan  process  combined  is  used  in  concentrating  and  graining.    The 
furnace  is  located  on  the  horizon  of  the  Free  port  coals,  which  are  mined 
on  the  spot  and  brought  directly  to  the  furnace.     About  350  bushels  of 
coal  is  consumed  daily.    The  works  being  isolated  and  some  distance 
from  any  other  salt  producing  centre,  the  product  finds  a  ready  market 
at  a  fair  price  among  the  small  towns  within  easy   reach  by  railroad 
transportation.    The  salt  bears  a  good  reputation  in  the  markets  where 
it  is  handled  for  table,  dairy  and  general  use.    Considerable  coarse  salt 
is  manufactured,  which  finds  a  ready  sale  as  material  for  glazing  in 
pottery  and  sewer  pipe  manufacture,  in  the  immediate  vicinity.    Any 
impure  salt,  not  otherwise  marketabl^^,  is  sold  to  the  farmers  of  the 
vicinity,  and  used  by  them  as  a  fertilizer. 

Guernsey  Couniy. 

But  one  furnace  remains  to  represent  the  salt  industry  in  this 
county.    This  furnace  is  located  near  Miller's  Station,  on  the  Cleveland 
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and  Marietta  R.  R.,  about  eight  miles  north  of  Cambridge.  It  is  oper- 
ated by  Mr.  Ad.  Alexander,  was  built  in  1859,  and  has  been  in  continuous 
operation  ever  since.  One  well  furnishes  the  brine.  It  is  drilled  to  a 
depth  of  430  feet.  The  brine  is  weak,  but  tolerably  pure,  standing  at 
5^  B.  as  it  comes  from  the  well.  No  bromine  is  present  and  the  bitterns 
are  worthless.  The  furnace  is  small,  having  a  daily  capacity  of  less  than 
ten  barrels.  The  kettle  and  pan  process  combined  is  used  in  concen- 
trating. Six  kettles  of  about  100  gallons  each,  and  one  pan  twenty- four 
by  four  and  one-half  feet  do  the  work.  The  Middle  Kittanning  coal  is 
mined  on  the  spot  and  furnishes  fuel  for  the  furnace.  From  four  to  five 
tons  are  consumed  daily.  The  salt  is  of  fair  quality  and  supplies  a 
small  local  trade. 

Morgan  County. 

The  salt  industry  in  Morgan  county  is  centered  along  the  Muskin- 
gum River,  in  the  vicinity  of  Eagleport,  about  ten  miles  above  McCon- 
nellsville.  There  is  one  furnace  active  below  McConnellsville.  The 
valley  of  the  Muskingum  River  is  the  pioneer  territory  in  Ohio  in  the 
production  of  salt. 

Thirty-seven  (37)  furnaces  once  flourished  along  the  river.  Of 
this  number  but  four  remain.  The  most  of  these  furnaces  were  built 
to  burn  the  wood  from  the  native  forests,  and  they  remain  as  they  were 
built,  the  industry  in  later  years  not  warranting  further  investment. 
They  are  kettle  furnaces  throughout,  and  ot  small  capacity,  the  four 
furnaces  representing  a  total  daily  capacity  of  eighty  or  ninety  barrels 
only.  The  wells  at  Eagleport  average  about  700  feet  in  depth.  The 
brine  stands  at  about  7^^  B.  as  it  comes  from  the  wells.  The  brines 
grow  stronger  and  wells  deeper  in  descending  the  river.  The  brines  at 
Eagleport  are  quite  pure,  yielding  a  small  percentage  of  bitter  water. 
A  small  percentage  of  iron  is  present,  and  is  eliminated  by  a  process 
peculiar  to  the  locality,  called  the  blood  process  of  settling,  and  de- 
scribed under  the  Process  of  Manufacture  in  this  chapter. 

The  Middle  Kittanning  coal  furnishes  fuel  for  the  industry.  The 
seam  is  worked  above  Eagleport  near  Zanesville,  and  the  coal  trans- 
ported to  the  furnaces  by  boat.  Slack  coal  is  used  when  possible  to 
secure  it.  At  other  times  the  furnaces  use  ''mine  run.'^  They  consume 
from  six  to  eight  tons  daily  each,  and  realize  about  three  barrels  of  salt 
to  the  ton  of  coal.  With  the  source  of  fuel  so  far  removed,  the  weak 
brines  and  primitive  process  of  manufacture,  it  is  only  a  question  of 
time  till  the  salt  industry  will  be  a  thing  of  the  past  in  this  valley. 
The  salt  produced  is  of  fair  quality,  but  lacking  somewhat  in  uniform- 
ity. The  product  finds  a  market  mainly  in  Zanesville  and  in  small 
towns  along  the  river. 
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Tuscarawas  Couniy. 

The  salt  industry  in  this  county  is  centered  at  Canal  Dover.      There 
are  three  furnaces  in  all,  having  a  total  daily  capacity  of  ISO  to  200 
barrels.    Bodey's  furnace,  owned  and  operated  by  Mr.  C.  W.  Bodey,  is 
located  at  Canal  Dover.    The  Dover  furnace,  operated  by  Hilt  &  Shields, 
is  located  on  the  canal  about  two  miles  above  town.    The  Goshen  Salt 
Co.'s  works  are  in  the  same  locality,  but  across  the  river.    The  manufac- 
ture of  salt  was  begun  in  this  locality  in  1863  and  has  been  continnous 
ever  since.    A  single  well  supplies  the  brine  for  each  furnace.     The 
wells  have  a  depth  varying  from  850  to  900  feet.    Some  gas  accompa- 
nies the  brine,  which,  at  the  Dover  furnace,  is  utilized  for  lighting  pur- 
poses.   The  brines  average  about  10^  B.  as  they  come  from  the  wells. 
The  accompanying  analysis  shows  their  composition.    They  are  quite 
impure,  yielding  a  high  percentage  of  bitter  water.    The  impurities 
consist  mainly  of  chlorides  of  lime  and  magnesia,  with  a  notable  per- 
centage of  bromides.    Iodine  is  also  present  in  sufficient  quantity  to 
pay  for  manufacturing,  if  a  cheap  process  for  its  recovery  can  be  deter- 
mined.   Iron  and  alumina  are  present  in  quantity  sufficient  to  make 
the  brines  difficult  to  ^'settle".    Bromine  is  manufactured  from   the 
bitter  water  and  yields  about  one  pound  of  bromine  to  each  barrel  of 
ealt.    The  composition  of  the  bitter  water  is  also  shown  by  the  accom- 
panying analj'sis.    As  this  is  nothing  bat  the  brine  concentrated  with 
the  salt  removed,  the  impurities  are  the  same  in  character,  but  in  larger 
proportions. 

The  furnaces  are  located  on  the  outcrop  of   the  Kittaning  coals 
which  are  mined  on  the  spot  and  either  come  directly  to  the  furnaces  or 
require  to  be  hauled  a  short  distance.     From  sixteen  to  twenty  tons 
daily  are  consumed  by  each  furnace,  realizing  about  four  barrels  of  salt 
to  the  ton  of  fuel.    The  furnaces  are  built  substantially  after  the  same 
pattern,  using  the  steam  and  pan  process  combined  in  every  case.     The 
Dover  salt  has  a  wide  and  enviable  reputation,  the  product  being  white 
and  fine-grained,  and  equally  adapted  to  table,  dairy  and  packing  pur- 
poses.   No  analyses  were  made  of  the  commercial  product.    The  accom- 
panying analyses  being  made  with  a  special  object  in  view,  as  explained 
under  head  of  Analyses,  only  show  in  a  general  way  the  purity  of  the 
product  as  marketed.    The  Tuscarawas  Valley  Salt  Co  ,  with  offices  at 
New  Philadelphia,  handles  the  entire  product.    The  market  is  limited 
by  competition  with  New  York  and  Michigan  salt  from  the  north,  and 
Pomeroy  salt  from  the  south.    The  product  is  all  sold,  however,  at  a  fair 
price.    The  coarse  salt  is  sold  for  glazing,  salting  hides,  stock,  etc.,  and, 
if  pure,  for  packing  purposes.    The  impure  salt  goes  to  the  farmers  for 
use  as  fertilizers. 
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Meios  County. 

The  production  of  salt  in  Meigs  county  is  centered  at  Pomeroy. 
Four-fifths  of  the  salt  produced  in  the  state  is  manufactured  at  this 
point.  From  the  books  of  the  Ohio  River  Salt  Company  it  is  found 
that  the  total  product  from  August,  1885,  to  August,  1886,  was  about 
400,000  barrels.  The  information  is  furnished  through  the  kindness  of 
Mr.  George  McQuigg,  Secretary  of  the  company.  Salt  has  been  manu- 
factured at  Pomeroy  since  1850.  The  pioneer  well  in  the  territory  is 
still  being  pumped,  it  now  being  the  property  of  the  Pomeroy  Salt 
Com-pajay.  Generally  speaking,  the  Pomeroy  district  includes  the  salt 
manufactured  on  both  sides  the  Ohio  River  at  this  point.  The  amount 
is  about  equal,  there  being  six  furnaces  on  the  West  Virginia  side  and 
seven  furnaces  on  the  Ohio  side.  The  companies  now  active  in  Ohio, 
are  as  follows  : 

The  Pomeroy  Salt  Company. 

•*  Excelsior      "  " 

"  Coal  Ridge    "  ** 

**  White  Rock'* 

**  Great  Bend  *'  " 

"  Buckeye       "  " 

"  Syracuse       "  ** 

All  are  located  along  the  river  above  Pomeroy,  with  (he  exception  of 
the  Pomeroy  Salt  Company,  which  is  located  below.  The  furnaces  of 
(his  district  are  built  substantially  after  the  same  pattern.  The  steam 
process  is.  used  exclusively,  the  steam  being  produced  from  the  8alt- 
'water  itself,  by  heating  in  large  boilers  constructed  for  the  purpose.  The 
capacity  of  the  furnaces  is  large,  being,  on  an  average,  about  200  barrels 
per  day.  The  brine  from  iour  wells  is  required  at  each  furnace.  The 
strength  varies  slightly  with  different  wells,  the  average  of  the  district 
being  about  9  to  9^^  B.  The  brines  are  quite  impure,  as  the  accompa- 
nying analysis  shows,  the  chlorides  of  lime  and  magnesia  being  the 
largest  impurities  in  amount.  Sufficient  iron  is  present  in  solution  to 
require  large  settling  capacity.  The  bromides  and  iodides  are  valuable 
impurities.  About  one-half  pound  of  bromine  is  realized  to  the  barrel 
of  salt.     As  yet  the  iodine  is  not  separated  commercially. 

The  accompanying  analysis  of  bitter- water  thows  the  same  impuri- 
ties as  the  brines,  but  in  larger  amounts.  Gas  and  oil  accompany  the 
brine  from  some  wells  in  small  amounts.  No  practical  use  is  made  of 
either. 

The  wells  vary  from  1,025  to  1,150  feet  in  depth,  being  deeper  and 

42      G. 
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the  brines  stronger  in  ascending  the  river.    The  furnaces  are  located  on 
the  outcrop  of  the  Pittsburgh  coal,  and  the  fuel  comes  directly  from  the 
mines  to  the  furnaces.    This  seam  carries  about  eighteen  inches  of  ^'bone 
coal,"  of  inferior  quality,  which  would  be  a  total  loss  to  the  mines  could 
it  not  be  utilized  in  the  manufacture  of  salt.    This  quality  of  coal  is 
brought  to  the  furnaces  at  a  nominal  cost  for  mining.    When  navigation 
is  closed  the  furnaces  use  mine  run.    The  furnaces  conmme  bom  thirty* 
five  to  forty-five  tons  of  coal  daily,  and  realise  aboat  five  barrels  of  salt 
to  the  ton.    The  Pomeroy  salt  is  widely  and  favorably  known,  the  ac- 
companying analyses  showing  it  possible  to  manufacture  salt  of  unusual 
purity.    The  salt,  besides  having  a  large  sale  for  table,  dairy  and  general 
use,  is  extensively  used  by  packers.    The  latter  is,  perhaps,  its  larirest 
use.    It  is  preferred  in  the  markets  to  the  Michigan  salt,  with  which  it 
comes  in  competition  for  this  purpose.    A  large  amount  of  coarse  salt 
is  used  along  the  river  in  the  manufacture  of  glass,  and  as  a  material 
for  glazing  in  pottery  and  sewer-pipe  manufacture*    The  Ohio  River 
Salt  Company  handle  the  bulk  of  the  salt  manufactured  at  this  point. 
The  principal  markets  are  to  the  south,  and  down  the  river  to  Cincin- 
nati, Louisville  and  St.  Louis,  where  it  is  extensively  used  for  packing 
purposes. 

Gbolooy. 

For  the  geological  horizons  of  salt-bearing  strata  in  Ohio,  see  the 
review  of  the  structure  of  the  state  in  Chapter  I  of  this  volume. 

History. 

The  history  of  salt  manufacture  in  Ohio  bears  the  stamp  of  a  lost 
cause*  Salt  has  been  manufactured  at  various  points  since  the  early 
settlement  of  the  state.  Preceding  the  civil  war,  salt  was  being  manu- 
factured in  moderate  amounts  in  the  Muskingum,  Hocking  and  Ohio 
Valleys.  New  York  stood  first  in  the  production,  the  Ohio  and  West 
Virginia  District  secoad,  and  a  small  product  was  manufactured  in  tbe 
Southern  States.  The  manufacture  in  Michigan  was  just  begun.  During 
the  war  the  importation  of  salt  into  southern  ports  was  checked,  and  also 
the  furnaces  of  the  confederacy  were  mainly  destroyed.  Immediately  sac- 
ceeding  the  war  there  was  a  large  market  opened  in  the  South,  which 
had  hitherto  been  supplied  from  other  sources.  A  value  was  given  to 
salt  far  above  the  cost  of  production.  The  business  was  inflated  by  war 
prices  and  large  investments  were  made  in  developing  new  territory 
and  efecting  large  and  expensive  furnaces.  Large  dividends  were 
realized  for  a  while,  and  the  industry  grew  and  flourished.  In  a  few 
years,  however,  the  old  order  of  things  Was  established  again.    Imported 
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salt  foand  its  way  into  southern  markets  and  Michigan  came  promptly 
into  the  field  with  a  large  product.  The  price  of  salt  was  depressed  belpw 
living  rates,,  and  a  view  of  the  industry  to  day  presents  a  scene  of  the 
( *sur  vival  of  the  fittest."  Only  those  localities  are  holding  out  that  possess 
some  special  advantage  in  the  way  of  strong  brine,  cheap  fuel,  easy  trans- 
portation or  valuable  bitter  water.  Ruined  furnaces  are  to  be  seen  in  every 
district.  The  Hocking  Valley  region,  which,  in  its  palmiest  days,  pro- 
duced 60,000  barrels  per  annum,  is  entirely  abandoned.  The  last  furnace  in 
the  district  which  supplied  a  local  trade  being  abandoned  about  a  year 
ago.  The  Cambridge  and  Muskingum  Valley  fields  bear  the  same  stamp. 
These  two  fields,  producing  at  one  time  an  annual  product  of  80,000 
barrels,  are  now  represented  by  a  few  small  furnaces  supplying  a  lodal 
trade*  The  Dover  and  Pomeroy  fields  have  shown  more  vitality.  These 
localities  are  favored  by  cheap  fuel  and  valuable  bitter  water,  the 
Pomeroy  field  being  favored  by  cheap  river  transportation  to  large  mar- 
kets. But  in  these  localities  even  those  furnaces  less  favorably  located 
are  abandoned.  At  Pomeroy,  seven  furnaces  remain,  where  thirteen 
flourished  soon  after  the  war.  At  various  other  points  in  Ohio,  aban- 
doned furnaces  remain  as  relics  of  a  past  industry. 

The  cause  of  this  decline  has  been  the  rapid  development  and 
enormous  production  of  the  Michigan  field,  and  later  the  development  of 
rich  fields  in  western  New  York.  The  advantage  that  Michigan  possesses 
is  an  extremely  strong  brine.  Ohio  coal  can  be  shipped  to  Michigan 
and  salt  manufactured  as  cheaply  as  in  Ohio,  where  the  furnace  is  located 
at  the  entrance  to  the  mine.  The  St.  Clair  River  district  in  Michigan 
is  an  example  of  this  practice.  This  new  and  rapidly  developing  field, 
it  is  estimated,  will  produce  one-half  million  barrels  of  salt  the  present 
season.  The  fuel  used  in  this  district  is  Ohio  coal  exclusively.  On  this 
the  manufacturers  must  bear  the  cost  of  transportation  and  handling,  in 
addition  to  the  expense  of  mining,  royalty  and  profit  to  the  operators. 
Coal  laid  down  at  the  furnaces  in  this  district  is  worth  from  1 1.80  to  $2.00 
per  ton.  Coal  at  the  furnaces  of  the  Pomeroy  district  does  not  cost  to 
exceed  sixty  or  seventy  cents  per  ton.  With  these  figures  to  work  on, 
it  is  safe  to  say  that  the  St.  Clair  companies  lay  salt  on  the  docks  as  cheap 
as  Pomeroy  for  the  single  item  of  fuel  alone.  The  explanation  of  this  is  that 
the  St.  Clair  brines  are  saturated,  ornearly  so.  The  Ohio  brines  are  less 
than  forty  per  cent,  saturated.  As  a  result  the  St.  Clair  brines  deposit 
sixty  per  cent,  of  their  salt  with  the  fuel  necessary  to  bring  the  Ohio 
brines  to  saturation.  The  average  at  Pomeroy  is  about  five  barrels  of 
salt  to  the  ton  of  fuel,  while  the  St.  Clair  people  realize  fifteen  barrels. 
The  same  is  true  in  western  New  York,  at  Warsaw,  where  a  saturated 
brine  is  secured  from  a  rock-salt  deposit.    There  is  some  comfort  in  the 
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fact  that  in  the  absence  of  strong  brines,  Ohio  can  yet  furnish  fuel.  In 
the  Saginaw  Vallej,  the  greatest  salt  producing  centre  in  Michigan,  ae 
the  saw  mills  with  which  the  salt  blocks  are  connected  are  being  aban- 
doned, the  salt  indastry  is  being  reclaimed  with  coal  as  a  fuel.  As  the 
lumber  industry  dies  in  this  locality,  Ohio  coal  promises  to  be  the  future 
fuel  for  carrying  on  the  salt  industry. 

The  enormous  production  in  Michigan  is  a  second  cause  for  depres- 
sion in  Ohio.  From  good  authority  the  estimated  product  in  Michigan 
the  present  season  will  approach  four  and  one-half  million  barrels.  This 
product  will  supply  the  markets  of  the  west  and  northwest,  leaving  a 
surplus  of  nearly  one  million  barrels  to  be  disposed  of  elsewhere.  This 
is  shipped  toward  Ohio  and  New  York,  and  sold  for  what  it  will  bring. 
Ohio  markets  are  thus  made  the  "dumping  ground"  for  the  surplus 
in  Michigan,  nine-tenths  of  the  product  in  Michigan  being  handled 
by  the  Michigan  Salt  Association.  They  maintain  prices  in  the  west, 
demoralize  them  in  Ohio,  and  average  the  sales  monthly,  netting  a  fair 
average  price  for  Michigan  manufacturers  but  one  which  is  ruinous  to 
the  industry  in  Ohio.  There  is  a  large  product  in  western  New  York 
also  seeking  a  western  market.  The  eastern  market  being  cut  short  by 
imported  salt,  Ohio  is  again  the  battle-ground  between  New  York  and 
Michigan  interests,  and  Ohio  manufacturers  the  sufferers. 

The  Strength  of  Brines. 

Two  instruments  are  in  general  use  for  determining  the  strength  of 
brines — the  salinometer  and  Beaume's  hydrometer.  The  salinometer 
is  used  exclusively  in  Michigan,  while  Beaume's  hydrometer  is  more 
generally  used  in  Ohio.  The  following  table  is  self-explanatory,  and 
will  serve  as  a  ready  means  of  converting  the  reading  of  one  instrument 
into  terrhs  of  the  other,  showing  at  the  same  time  the  per  cent,  of  salt 
present  in  a  pure  solution  .of  «alt  and  water  for  any  reading.  The  pres- 
ence of  impurities  will  affect  the  reading  slightly.  As  this  percentage 
varies  with  different  brines,  it  is  impossible  to  give  an  exact  factor  for 
correction. 
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Tablb  Showing  thb  peb  cbnt.  of  Salt  prbbbnt  for  any  Rbadino  of  thb 
Salinokbtbb  or  Bbaumb    Htdrokbtbb  at  66^  Fahb. 


i 

Demrees 
fialiiiometer. 

Degrees 
Beaam^. 

Per  cent  of 
salt. 

Degrees 
salinometer. 

Beaam^. 

Per  cent  of 
salt 

J 

.26 

.62 

.78 

1.04 

1.30 

1.66 

1.82 

2.08 

2.34 

2.60 

2.86 

3.12 

3.38 

8.64 

8.90 

416 

4.42 

4.68 

4.94 

6.20 

6.46 

6.72 

6.98 

6.24 

6.60 

6.76 

7.02 

7.28 

7.64 

7.80 

806 

8.32 

8.68 

8.84 

9.10 

9.36 

962 

9.88 

10.14 

10.40 

10.66 

10.92 

11.18 

11.44 

11.70 

11.96 

12.22 

12.48 

12.74 

18.00 

.26 

.61 

.77 

1.03 

1.28 

1.64 

1.80 

2.06 

2.81 

2.67 

2^ 

8.08 

8.34 

3.60 

3.86 

4.11 

4.87 

4.63 

488 

6.14 

6.40 

6.66 

6.91 

6.17 

6.42 

6.68 

6.94 

7.20 

7.46 

7.71 

7.97 

8.22 

8.48 

8.74 

8.99 

9.26 

9.61 

9.77 

10.02 

10.28 

10.64 

10.79 

11.06 

11.81 

11.66 

11.82 

1208 

12.34 

12.69 

12.86 

61 

18.26 
18.62 
13.78 
14.04 
14.30 
14  66 
14.82 
16.08 
16.84 
16.60 
16.86 
16.12 
16.38 
16.64 
16.90 
17.16 
17.42 
17.68 
17.94 
18.20 
18.46 
18.72 
18.98 
19.24 
1960 
19.76 
20.02 
20.28 
20.64 
20.80 
21.06 
21.32 
21.68 
21.84 
22.10 
22.86 
22.62 
22.88 
23.14 
23.40 
23.66 
28.92 
24.18 
24.44 
24.70 
2496 
26ji2 
26.48 
26.74 
26.00 

18.11 

2 

62 

13.86 

63 

13.62 

4 

54 

18.88 

66 

14.18 

6 

66 

14.39 

7 

14.66 

8 

58 

14.91 

9 

KQ 

16.16 

10 

16.48 

11 

61 

62 

16.68 

12 

16.93 

1ft 

68.;:::::.:..:::; 

16.19 

14 

64 

16.46 

66 

16.70 

16 !!..! 

66 

16.96 

17 

67 

17.22 

68 

17.48 

19 

69 

17.78 

20 

70  . .... 

17.99 

21 

71 

1826 

22 

72 

78 

74 

18.60 

23 

18.76 

24 

19.02 

26 

76 

19.27 

26 

76 

19.63 

27 

77 

19.79 

OQ 

78 

20.06 

29 

79 

2080 

30 

80 

20.66 

31 

32 

81 

82 

20.82 
21.07 

21.88 

84 

86 

84 

85 

86 

2169 
21.84 

36 

22.10 

87 

38 

Of  ............. 

88 

22.36 
2262 

89 

22.87 

40 

90 

23.13 

41 

91 

)iSS9 

42 

92 

28.64 

43 

93 

2390 

44 

94 

24.16 

46 

96 

2441 

46 

96 

2467 

47 

97 

24.93 

48 

98 

2619 

49 

99 

26.44 

60 :.... 

100 

26.70 
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AnalysoB  of  Salt 

Canal  Doyer. 

Pomeroy. 

No.  1. 

No.  2. 

No.  1^ 

No.  2. 

Moisture ..•••..... 

aoso 

1.714 

.807 

Trace. 

89.429 

16.170 
6.290 
2.846 

Trace. 

76.264 

2i)0O 
.685 

Trace. 
96.869 

7.680 

Chloride  of  calciam 

2.700 

Ohloridfl  of  maimefriain »...»- 

1j096 

Rilina.  AfiH  irrkn 

Trace. 

Chloride  of  Bodiam 

8a625 

No0. 1  and  2,  from  Dover  famace,  Canal  Dover. 
Nob.  1  and  2,  from  Coal  Ridge  f arnace,  Pomeroy,  0. 
No.  1,  la  Bait  first  precipitated  in  each  case. 

The  above  samples  were  taken  and  analyses  made  with  the  idea  of 
determining  the  difference  in  amount  of  imparities  between  the  salt 
precipitated  when  the  pans  or  grainers  are  newly  filled  and  that  pre- 
cipitated just  before  the  bitter  water  is  drawn  off.  In  the  Dover 
samples  the  impurities  in  sample  No.  2  are  over  three  times,  and  in  the 
Pomeroy  samples  over  four  times  as  much  as  in  No.  1.  The  danger  of  im- 
purities going  into  the  salt  by  evaporating  the  bitter  water  too  close,  is 
eminently  confirmed  by  these  analyses.  The  chlorides  of  lime  and 
magnesia  being  highly  deliquescent  bodies,  their  presence  has  the 
tendency  of  making  the  salt  attract  moisture  and  spoil  the  cooperage. 

Bbinx  and  Bittbb  Watbb  Analtbbs. 


8pecific  gravity 

Water- 

Total  solids 


No.  1. 


1.0732 
89.646 
10.466 


No.  2. 


1.0718 

90.472 

9628 


No.  3. 


1.317 
66.360 
44.640 


No.  4. 


ijm 


31.000 


Composition  of  Total  Souds. 
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Sodium  chloride- 

Caidom  chloride 

Magnedam  chloride  ~ 
Magneeiuin  bromide  - 

Sodium  iodide  ~ 

Silica 

Iron  and  alumina 


No.  1. 


71.646 
ia665 
9.286 
.271 
.018 
.024 
.096 


No.  2. 


79.273 
14.397 
6.097 
.097 
.012 
.043 
.082 


No.  3. 


30.128 
48.969 
20.201 
.692 
.024 
.082 
.064 


No.  4. 


7.603 
64.810 
27.013 
.429 
.037 
.089 
.069 


No.  1.  Brine  from  Dover  furnace,  Canal  Doyer. 

No.  2.  Brine  from  Coal  Ridge  furnace,  Pomeroy. 

No.  8.  Bitter  water,  Dover  furnace. 

No.  4.  Bitter  water,  Coal  Ridge  furnace. 

The  absence  of  sulphates  from  the  Ohio  brines  is  remarkable.  They 
differ  from  the  Michigan  brines  in  this  respect.  The  presence  of  iodine 
in  appreciable  amounts  is  a  fact,  I  believe,  not  hitherto  reported. 

The  following  process  is  offered  as  a  means  for  the  commercial  sepa- 
ration of  iodine  contained  in  bitter  water.  The  process  is  based  on  the 
following  reactions :  If  to  a  solution  of  alkaline  chlorides,  bromides  and 
iodides  or  to  bitter  water  which  contains  a  mixture  of  the  chloride?, 
bromides  and  iodides  of  the  alkalies  and  alkaline  earths,  a  small 
amount  of  perchloride  or  persulphate  of  iron  in  solution  be  added  and 
the  liquid  boiled  for  a  minute,  the  iodine  is  liberated  and  readily  dis- 
tinguished by  the  violet  color  of  its  vapor.  Chlorine  and  bromine  are 
not  liberated  under  these  conditions.  The  process  was  employed  in  the 
laboratory  for  the  detection  and  estimation  of  iodine  as  follows :  200  cc. 
of  bitter  water  was  placed  in  a  flask,  and  about  three  grams  of  sesqui- 
chloride  of  iron  in  solution  was  added.  The  contents  of  the  flask  were 
then  boiled  and  the  liberated  iodine  vapors  collected  by  passing  through 
U  tubes  containing  a  solution  of  caustic  potash.  The  iodine  was  sub- 
sequently determined  in  the  caustic  potash  solution  by  gravimetric 
methods.  I  see  no  reason  why  the  above  process  given  in  miniature 
could  not  be  carried  out  on  a  large  scale  in  connection  with  the  regular 
manufacture  of  bromine,  as  follows :  When  the  bromine  still  is  being 
newly  filled  with  bitter  water,  add  about  one-half  pound  of  per  chloride 
(sesquichloride)  or  persulphate  of  iron  previously  dissolved  in  water. 
Let  the  addition  be  made  in  such  a  manner  that  the  iron  solution  will 
mix  thoroughly  with  the  contents  of  the  still.  Then  turn  on  the  steam 
and  boil  the  contents  of  the  still  for  a  few  minutes.    The  iodine  would 
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be  liberated,  and  passing  off  as  a  vapor  could  be  collected  by  passing 
into  a  bottle  or  carboy  containing  a  solution  of  caustic  potasb.  l^hen 
the  potash  would  absorb  no  more  iodine,  it  could  be  evaporated,  crystal- 
lized and  S9ld  as  crude  iodide  of  potassium.  After  the  iodine  has  all 
been  libsrated,  then  add  sulphuric  acid,  and  proceed  with  the  distilla- 
tion of  bromine  in  the  usual  way.  Persulphate  of  iron  could  be  pre- 
pared at  the  works  very  cheaply,  by  puchasing  common  green  vitriol, 
dissolving  in  water  and  oxidizing  to  the  ferric  state,  by  adding  a  little 
bromine  water  (red  water)  and  keeping  in  a  warm  place  for  some  hours 
before  using. 

PROCESS  OF  MANUFACTURE. 

The  process  of  manufacture  will  be  described  under  the  following 
heads : 

Settling  of  the  brines. 

Evaporation  of  the  brines. 

Graining. 

Lifting,  drying  and  storing. 

Settling. 

The  process  of  settling  effects  the  removal  of  the  iron  and  alumina' 
by  allowing  the  iron  to  oxidize  and  settle,  either  by  its  own  gravity  or 
'by  addition  of  a  small  amount  of  caustic  lime.  This  is  accomplished 
by  allowing  the  brine  to  stand  in  lar^e  open  vats  for  some  time.  The 
settlers  vary  in  size  and  shape  considerably.  As  usually  constructed, 
they  are  built  of  heavy  three-inch  plank,  well  keyed  together  and  calked, 
being  mounted  on  piles  to  such  a  height  as  to  allow  the  settled  brine  to 
flow  to  the  pan  or  grainers.  They  are  built  from  four  to  six  feet  deep, 
and  of  any  length  and  width  desirable.  The  settlers  are  frequently 
heated  by  steam-pipes  passing  through  them.  The  heat  assists  in  oxi- 
dation and  settling,  and  aids  in  concentrating  as  well.  The  use  of 
caustic  lime  should  be  avoided  as  much  as  possible,  as  any  excess  stays 
with  the  brine  and  is  precipitated  with  the  salt  more  or  less  in  the  pro- 
cess of  graining. 

In  the  Muskingum  Valley  and  elsewhere,  where  the  kettle-process 
is  used,  the  final  removal  of  the  iron  is  effected  by  the  aid  of  beefs 
blood.  The  iron  is  partially  oxidized  by  allowing  the  brine  to  stand 
exposed  in  the  settlers  for  a  time.  It  then  goes  to  the  kettles  and  is 
boiled  till  the  solution  becomas  saturated  and  salt  begins  to  deposit. 
The  kettle  is  then  chilled  by  throwing  in  a  bucket  full  of  cold  brine, 
and  about  one-half  pint  of  beefs  blood  is  added.  When  the  kettle  boils 
again  the  blood  coagulates,  and  collecting  mechanically  the  small  parti 
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cles  of  iron  aside,  rises  to  the  surface  and  is  skimmed  off  and  thrown 
away.  While  great  claims  are  made  for  this  process,  there  can  be  no 
possible  reason  why  the  iron  removed  in  this  way  should  make  the  salt 
any  better  than  were  it  removed  by  some  other  process. 

Concentration. 

The  brines  are  concentrated  by  evaporating  in  kettles — in  large 
pans  or  large  shallow  vats  with  steam-pipes  passing  through  them. 
These  different  modes  of  treatment  characterize  the  kettle,  pan  and 
steam  process,  respectively.  In  Ohio,  the  steam  process  is  often  com- 
bined with  th^  pan  or  kettle. 

The  Kettle  Process. 

In  the  kettle  process,  the  evaporating  is  done  in  large  iron  kettles 
containing  about  100  gallons  each.  The  kettles  are  arranged  in  a  double 
row,  supported  by  arches,  with  flue  beneath,  fire-grate  in  front,  and 
smoke-stack  at  the  end.  Usually  there  is  a  pan-heater  or  boiler  imme- 
diately over  the  fireplace.  The  kettles  are  filled  from  a  pump-log  at  one 
side,  the  pumplog  being  connected^ with  the  heater  or  settler.  The 
kettles  are  filled  full — boiled  to  saturation — settled  with  beefs  blood, 
and  then  run  down  nearly  to  dryness  and  the  salt  *4ifted"  out.  This 
process  is  the  oldest  and  least  economical,  being  the  practice  in  the 
Muskingum  Valley.  The  furnaces  have  from  twenty-five  to  thirty 
kettles  each,  and  produce  about  three  barrels  of  salt  to  the  ton  of  fuel. 

The  Steam  Process. 

In  the  steam  process  the  concentration  is  done  in  large  shallow  vats. 
The  heat  is  furnished  by  steam-pipes  passing  through  them.  The 
settlers  have  already  been  described  in  full  under  the  head  of  Settling, 
The  grainers  are  usually  150  to  180  feet  long,  seven  (7)  feet  wide  and 
sixteen  (16)  inches  deep.  They  are  built  of  three-inch  plank,  well 
keyed  and  calked.  They  have  three  or  four  steam-pipes  passing  length- 
wise through  them,  and  raised  from  four  to  six  inches  from  the  bottom. 
At  Pomeroy  the  pipes  are  made  of  copper,  and  are  three  or  four  inches 
in  diameter.  The  steam  is  furnished  by  boiling  the  brine  itself  in  large 
tank-boilers  constructed  for  the  purpose.  The* steam  is  conducted  from 
the  boilers  to  the  settlers  and  grainers  through  pump-logs.  The  use  of 
iron  pipes  is  avoided  on  account  of  the  tendency  to  rust.  The  boilers 
cannot  well  be  described  in  detail  without  the  aid  of  drawings.  As 
usually  constructed,  they  are  large  iron  pans,  built  in  sections,  about 
ten  inches  deep,  with  a  wooden  box  cover  made  of  plank,  keyed  and 
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calked,  being  rectangular,  about  four  feet  deep,  eight  feet  wide,  and 
thirty  feet  long.  Four  or  five  of  these  boilers  are  placed  end  to  end, 
having  a  common  fire-box  in  front,  flue  beneath  and  stack  at  the  end. 
This  arrangement  constitutes  the  furnace  proper.  The  brine  being 
partially  concentrated  in  the  boiler,  passes  to  the  settlers,  thence  to  the 
grainers.  The  steam  from  the  first  concentration  is  thus  made  to  com- 
plete the  operation.  This  process  is  employed  exclusively  at  Pomeroy. 
Considering  the  brines  to  be  worked  and  fuel  at  hand,  it  is  probably  as 
economical  as  any  method  that  is  practicable  in  this  locality. 

The  Pan  Process. 

The  pan  process  alone  is  not  used  anywhere  in  Ohio.  At  Canal 
Dover  the  steam  and  pan  process  is  combined.  The  boilers  and  settlers 
are  similar  in  construction  to  those  employed  in  the  steam  process.  The 
pan  takes  the  place  of  the  grainers,  the  brines  being  concentrated  to 
saturation  in  the  settlers.  The  pans  are  built  of  three-sixteenths  inch 
boiler-plate,  riveted.  They  are  forty  to  sixty  feet  in  length,  eight  to  ten 
feet  in  width,  and  ten  to  twelve  inches  in  depth.  They  are  placed  over 
the  flue  next  to  the  stack,  the  boiler  being  placed  over  the  fireplace.  It 
is  necessary  that  the  salt  be  *^  lifted"  often  from  the  pans,  else  the  salt 
will  collect  on  the  bottom  and  the  pans  burn. 

The  special  advantages  of  the  pan  are  noticed  in  the  next  section. 

Obainino. 

As  noticed  before,  the  graining  is  carried  on  in  kettles,  pans  or  large 
wooden  grainers.  The  "grain"  of  the  salt  is  regulated  in  two  ways, 
viz.,  by  variation  in  the  temperature  at  which  the  graining  is  done, 
and  by  adding  to  the  kettles,  pans  or  grainers  a  small  amount  of  rosin 
or  grease.  The  lower  the  temperature  at  which  the  salt  crystals  form, 
the  larger  they  will  be,  and  vice  versa.  When  the  furnaces  close  down 
for  Sunday,  a  "  dip"  of  coarse  salt  is  the  result  on  Monday  morning,  dae 
to  cooling  of  the  pans  and  grainers. 

The  addition  of  a  small  amoupt  of  rosin  or  grease  has  the  effect  of 
making  the  salt  crystals  smaller  and  settle  soon  after  formed.  Batterer 
lard  is  more  commonly  used  for  this  purpose*  It  is  easy  to  understand 
then,  that  in  the  pan  process  the  grain  can  be  regulated  by  firing.  But 
in  the  steam  process  the  use  of  grease  is  necessary  if  a  fine  grain  of  salt 
is  desired.  The  practice  is  objectionable,  for  the  reason  that  a  small 
amount  of  the  grease  must  necessarily  go  down  with  the  salt,  making  an 
undesirable  impurity  for  table  or  dairy  use.  The  very  fine  table  salt  of 
commerce  is  mostly  made  by  drying  coarse  salt  and  grinding. 
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Lifting,  Daying  and  Storing. 

In  the  steam  process  the  salt  collects  in  the  grainers  and  is  lifted 
once  in  twentj-four  hours.  This  is  usually  done  in  the  morning.  The 
salt  is  raked  together  and  shoTeled  upon  the  drying  hoards  above  the 
grainers.  Here  it  is  allowed  to  remain  for  several  hours  to  allow  the 
excess  of  bitter  water  to  drain  out.  It  is  then  wheeled  away  to  the  store- 
room and  piled  in  large  bins.  It  is  allowed  to  remain  here  for  several 
weeks  before  packing.  During  this  time  the  moisture  and  last  traces  oC 
bitter  water  drain  out.  It  is  then  packed  in  barrels  of  280  pounds  each 
and  is  ready  for  the  market.  In  the  pan  process,  as  noticed  before,  it  is 
necessary  to  lift  the  salt  more  frequently.  A  hanging  table  is  constructed 
above  the  pan ;  the  salt  is  placed  on  this  and  allowed  to  drain,  then 
removed  to  the  bins  for  storage. 

From  the  process  of  manufacture  described,  it  is  evident  that  the 
quality  of  the  salt  will  be  variable,  the  salt  first  precipitated  being 
pure,  while  that  last  precipitated  contains  i^liigh  per  cent,  of  impurity. 
There  being  no  law  to  regulate  the  manufacture,  it  lies  entirely  with 
the  manufacturer  as  to  how  close  he  shall  *'  run  "  his  bitter  water  or 
how  impure  his  salt  shall  be.  The  industry  being  hard  pushed  by  com- 
petition from  elsewhere,  the  tendency  is  to  make  as  impure  a  salt  as 
will  sell.  The  states  of  Michigan  and  New  York  recognize  this  evil  and 
provide  rigid  inspection  laws  regulating  the  manufacture*  While  the 
law  is  a  light  burden  on  the  industry,  the  reputation  of  the  salt  is  main- 
tained and  honast  manufacturers  are  protected  against  their  more  greedy 
but  less  honest  neighbors. 

Bromine  Manufactubb. 

Ohio  is  the  first  state  in  the  Union  in  the  production  of  bromine. 
Canal  Dover  and  Pomeroy  are  the  two  centres  of  production.  It  is  the 
thread  by  which  the  salt  industry  has  hung  in  these  localities.  The 
total  product  in  the  United  States  is  pooled  at  present,  and  it  is  impos- 
sible to  secure  absolute  data  as  to  the  amount  produced  in  Ohio.  The 
product  at  Canal  Dover  is  about  six  pounds  of  bromine  to  every  seven 
barrels  of  salt,  and  at  Pomeroy  a  little  less  than  one-half  pound  of  bro- 
mine to  one  barrel  of  salt.  Making  an  estimate  on  this  basis  and  we 
have  for  the  production  of  the  current  year. 

Oanal  Dover.. 55,000  pounds. 

Pomeroy 166,000       «' 

Total 821,000  pounds. 

It  is  probable  that  the  estimate  is  a  little  high,  as  the  stills  get  out 
of  repair  occasionally. 
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The  production  in  other  states  is  about  as  follows : 

West  Virginia 100,000  ponnda. 

Pennsylvania 100,000        " 

Michigan eO,000 


Total , 26O,0C0  pounds. 

221,000 

Total  for  the  United  States^ 481,000  ponnda 

Canal  Dover. 

Mr.  C.  W.  Bodey  is  the  pioneer  in  the  manufacture  of  bromine  at 
Canal  Dover.  Mr.  Bodey  was  sent  out  as  chemist  by  Rosengarten  &  Sons, 
of  Philadelphia,  Pennsylvania,  to  Tarentum,  Pennsylvania,  in  1886. 
He  came  to  Canal  Dover  soon  after.  The  Dover  bitterns  are  the  richest 
in  the  state.  Each  furnace  in  this  district  runs  a  bromine  still  in  con- 
nection with  its  salt  plant. 

POMEROY. 

Mr.  Guftave  Ajgerman  was  the  pioneer  in  the  bromine  industry  st 
Pomeroy,  having  begun  the  manufacture  in  1868  at  the  Dabney  works 
now  abandoned.  At  present  the  Uuited  States  Chemical  Co.  purchase 
the  bitterns  from  the  salt  furnaces  with  one  exception.  The  company 
maintain  a  still  at  each  furnace  and  the  bitterns  are  worked  up  daily. 

Bromine — History  and  Uses. 

Bromine  is  one  of  the  rarer  elements  of  nature.  It  is  a  dark-red 
liquid  at  ordinary  temperature,  easily  volatile,  and  giving  off  red  lumes 
on  exposure  to  the  air.  It  has  a  density  of  2.97G.  It  is  closely  allied  to 
chlorine  and  iodine  in  its  chemical  reactions.  It  was  first  manufactured 
in  this  country  at  Freeport,  Pennsylvania,  in  1846.  Its  only  use  at  that 
time  was  in  photography  in  the  old  Daguerreotype  process.  In  1866 
the  value  of  potassium  bromide  as  a  nervous  sedative  was  demonstrated. 
This  gave  an  increased  demand  for  bromine,  and  brought  the  pioneers  of 
the  industry  from  Pennsylvania  to  Ohio,  where  its  production  has  been 
steadily  maintained.  It  occurs  in  our  brines  as  bromide  of  magnesia, 
which  is  an  extremely  soluble  salt,  and  remains  in  solution  in  the  bitter 
water  after  the  salt  is  eliminated.  The  product  is  shipped  from  the 
works  in  six-pound  bottles.  It  goes  largely  to  manufacturing  chemists. 
A  large  amount  is  exported  annually.  The  price  has  declined  since  1846 
from  $6.00  per  pound  to  thirty-three  cents,  at  which  price  it  is  now  held. 
It  is  used  extensively  in  medicine  and  photography,  the  bromides  of 
potassium,  sodium  and  ammonium  being  nervous  sedatives  of  great 
value. 
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Proobss  of  Manufacture. 

The  process  of  manufacturing  is  as  follows : 

The  bitterns  are  concentrated  to  85^  to  45^  B.  The  stills  are  then 
filled  to  the  funnel  (see  drawing),  and  sulphuric  acid  equivalent  to  the 
bromine  present  is  added  through  the  funnel  (D).  The  contents  of  the 
still  are  then  heated  by  turning  on  the  steam  at  the  bottom.  Binoxide 
of  manganese  is  now  added  in  small  amounts  through  the  funnel  for  that 
purpose.  This  funnel  extends  some  distance  into  the  contents  of  the 
still.  The  bromine  is  liberated  as  a  gas«  and  condensed  in  the  leaden 
pipes  as  it  goes  through  the  condenser.  The  glass  jar  collects  the  bromine 
as  a  liquid.  A  slight  excess  of  chlorine  is  liberated  in  the  process,  which 
will  not  condense.  To  provide  for  this,  and  also  a  small  amount  of  bro* 
mine  that  does  not  readily  condense,  a  return  pipe  leads  from  the  jars 
again  through  the  condenser,  and  into  a  second  jar.  This  jar  collects 
the  remaining  bromine.  From  this  jar,  a  pipe  leads  to  a  charcoal  tower 
Ca  couple  of  lengths  of  sewer  pipe  filled  with  charcoal  and  wet  with 
bitter  water)  which  absorbs  the  chlorine  liberated  in  excess,  and  which 
would  otherwise  escape  into  the  air  and  poison  the  workmen.  Chlorate 
of  potash  is  sometimes  used  instead  of  binoxide  of  manganese.  The 
proportions  of  manganese  to  sulphuric  acid  are  as  one  to  two  (1  Mn  Oj 
to  2  Hi  SO4).  When  chlorate  of  potassium  is  used,  the  proportions  are 
one  to  four  (1  K  CI  0,  to  4  Hj  SO4).  The  refuse  liquors  from  the  bro- 
mine stills  are  utilized  in  the  manufacture  of  chloride  of  calcium.  The 
excess  of  acid  present  is  neutralized  with  caustic  lime  and  the  liquors 
concentrated  till  the  chloride  of  lime  crystallizes  out.  A  large  amount 
of  this  product  is  manufactured  annually  at  Pomeroy.  Chloride  of  lime 
is  an  extremely  deliquescent  body,  and  is  used  extensively  as  a  dryer  in 
cellars  and  storehouses  for  preserving  fruit,  where  a  dry  atmosphere  is 
desired.  It  is  also  used  as  a  high  temperature  bath  in  fruit  canning 
establishments,  melted  chloride  of  lime  boiling  at  860®  Fahrenheit.  It  is 
used  also  in  the  manufacture  of  artificial  stone  (Ransom's  patent),  and 
in  the  manufacture  of  ice  in  the  south.  It  is  an  open  question  if  these 
liquors  could  not  be  utilized  in  the  manufacture  of  a  commercial  fertil- 
izer of  high  value. 

The  Still. 

The  still  is  solid  sandstone  of  the  best  quality.  The  walls  are  six 
inches  thick.  The  cover  is  made  separate,  and  luted  to  the  base  with  bees- 
wax. Two  fire-clay  funnels  are  set  in  the  top,  one  for  the  introduction 
of  sulphuric  acid,  the  other  for  binoxide  of  manganese.  A  steam  jet  is 
inserted  at  the  bottom  for  h^-^atinc.    The  Rteam  is  blown  directly  into 
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the  contoiita  of  the  etilL  ▲  aeoond  opening  is  made  at  the  bottom  for 
expptying  the  contents  of  the  still  after  the  bromine  is  extracted*  The 
condenser  is  simply  a  wooden  box  into  which  cold  water  enters. 
The  bromine  condenses  from  vapor  to  a  liquid  in  passing  through. 
The  extra  bromine  jar  and  charcoal  tower  have  been  already  mentioned. 


ch:a.i>teii  XIII. 

NATURAL  AND  ARTIFICIAL  CEMENTS. 


Bt  Pbofksob  N.  W.  Lobd,  Ohio  Btatb  Umiybbsitt. 


Cements,  as  considered  in  this  chapter,  embrace  those  materials 
obtained  by  burning  or  calcining  certain  rocks  or  mixtures  of  clay  and 
limestone,  slag,  etc.,  and  which,  when  mixed  with  sand  and  water  to  a 
mortar,  "  set, "  or  harden,  without  exposure  to  air.  They  all  have  lime 
as  the  basis  of  their  composition,  but  the  mortars  they  furnish  differ 
from  ordinary  lime  mortars  in  haying  less  plasticity,  as  a  rule,  and 
in  this  property  of  hardening  and  not  disintegrating  under  water. 
Cements  are  more  and  more  replacing  ordinary  lime  in  the  construc- 
tion of  all  masonry  where  strength  and  durability  are  desired. 

Even  where  lime  mortar  is  used,  as  for  ordinary  brick-work,  it  is 
becoming  customary  to  mix  with  it  a  certain  proportion  of  cement.  It 
is  claimed  by  Qillmore,  and  other  writers,  that  the  cement  so  added  is 
useless,  but  many  excellent  masons  and  contractors  so  use  it,  stating 
that  it  gives  greater  body  to  the  mortar  and  prevents  any  settling  of 
the  interior  of  the  work.  The  lighter-burned  natural  cements  are  used 
for  this  purpose,  and,  as  many  of  these  contain  an  excess  of  clay  and 
magnesia,  they  possibly  act  upon  the  free  lime  in  the  mortar,  harden- 
ing it  in  a  way  that  the  artificial  cements  would  not  do. 

Cement  rocks,  after  burning,  do  not  ''  slack, ''  or  fall  to  powder 
when  wet  with  water,  but  require  to  be  ground  in  mills  before  using. 
They  are  thus  distinguished  from  certain  *'  hydraulic  limes  ^  which, 
after  slacking  in  the  usual  way,  furnish  mortars  setting  under  water 
more  or  less  powerful.  Magnesian  limestones  belong  to  this  class.  They 
slack  slowly,  developing  little  heat,  and  furnish  mortars  which  are  de- 
cidedly hydraulic.  The  magnesia,  probably,  acts  by  gradually  crystal- 
lizing as  a  hydrate.  As  an  experiment,  a  mortar  was  made  of  pure 
calcined  magnesia  and  sand.  In  a  few  hours  it  set  hard  enough  to  be 
handled,  and  was  put  in  water.  It  retained  its  shape,  and  while  not 
getting  very  strong,  it  gradually  hardened  like  a  true  cement.  From 
this  it  would  seem  that  in  a  magnesia  lime  mortar,  this  setting  of  the 
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magnesia  would  account  for  the  resistance  to  water,  as  it  would  prevent 
disintegration  while  the  enclosed  lime  would  gradually  become  carbon- 
ated and  give  strength. 

Rooks  which  make  cement  by  burning  are  very  generally  dis- 
tributed, but,  as  a  rule,  the  deposits  are  marked  by  great  variability  in 
quality.  Of  two  layers  in  a  quarry,  one  may  be  cement  rock  and  tbe 
next  a  worthless  shale ;  and  even  the  same  layer  may,  in  a  short  distance, 
entirely  change  its  character.  From  this  cause,  in  part  at  least,  the 
various  attempts  to  work  the  smaller  and  more  common  deposits  have 
more  or  less  generally  failed,  and  the  natural  cement  of  the  market  i; 
obtained  from  only  a  few  localities  where  large  deposits  of  tolerably 
uniform  rock  occur.  Of  these,  the  two  which  furnish  by  far  the  larger 
part  of  the  cement  of  the  United  States  are  Ulster  county,  New  York, 
producing  the  Rosendale  cements,  and  Louisville,  Kentucky,  from  which 
are  shipped  the  numerous  brands  of  '*  Louisville  cement.  " 

The  rock  is,  in  both  places,  a  shaly  limestone.  In  New  York,  it 
lies  between  the  Lower  Uelderberg  and  Niagara  groups;  and  in  Ken- 
tucky, on  top  of  the  Corniferous  limestone,  corresponding  exactly  to 
the  beds  covering  the  limestone  at  Columbus,  Ohio.  The  total  produc- 
tion of  natural  cement  in  the  United  States  in  1883  was  estimated  at 
4,100,000  barrels  of  300  pounds  (Mineral  Resources  of  the  United  States, 
Albert  Williams,  Jr.,)  of  which  Ulster  county,  New  York,  furnished 
nearly  one-half,  and  Louisville  by  far  the  larger  part  of  the  remainder. 

Many  of  the  impure  limestones  and  shales  of  Ohio  would  furnish 
excellent  cement  when  properly  burned.  Such  are  some  of  the  mag- 
nesian  limestones  near  Sandusky,  a  number  of  the  Carboniferous  lime- 
stones, the  shales  over  and  including  top  of  the  Corniferous.  The  Black 
(Huron)  shale,  where  it  lies  over  the  limestone  is,  for  the  first  fifteen  or 
twenty  feet,  quite  calcareous  in  some  localities,  and  in  such  cases  fur- 
nishes an  excellent  cement  rock. 

The  efforts  to  make  cement  on  a  large  scale  from  these  various 
materials  have  not  been  very  successful,  probably  from  failure  to  un- 
derstand the  irregularity  of  the  deposits  and  want  of  capital  to  duly 
press  the  enterprise.  Works  were  started  at  Sandusky,  but  they  did 
not  continue.  One  of  the  most  promising  ventures  in  this  direction 
was  at  Defiance,  in  the  northwestern  part  of  the  state  where  Mr.  £.  H. 
Gleason  manufactured  the  *^  Auglaize  Cement "  from  the  lower  and  most 
calcareous  layers  of  the  Huron  shale.  The  cement  was  of  excellent 
quality,  and  it  is  hard  to  account  for  the  non-continuance  of  the  works. 

In  the  southeastern  part  of  the  state,  cement  has  been,  and  still  is. 
made  at  a  number  of  points,  the  materials  being  the  impure  limestones  of 
the  Coal  Measures.    The  cement  used  in  the  railroad  bridge  at  Bellaire 
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was  made  by  T.  C*  Parker  <fe  Sons,  at  Barnesville,  l^elmont  county,  from 
the  cement  limestone  lying  between  the  Pittsburgh  and  Meigs  Creek 
coals  (coals  Nos.  8  and  9.)  At  Barnesville,  the  stone  is  five  feet  five 
inches  thick,  and  was  mined  by  drifting.  These  works  are  no  longer 
in  operation.  The  works  just  below  Bellaire  are  now  making  cement 
from  the  same  stone,  which  is  drifted  for  in  the  hills.  The  stone  is 
burned  by  mixing  it  with  coal  slack  and  running  through  a  kiln.  It 
is  then  ground  in  buhrs  and  barreled.  Near  New  Lisbon,  in  Columbiana, 
county,  also,  cement  is  made  from  a  similar  limestone  which  belongs  to. 
the  Lower  Freeport  horizon.  These  are  the  only  attempts  that  hay& 
been  made  to  work  the  Ohio  material  on  a  commercial  scale. 

It  thus  appears  that  the  rocks  which  yield  cement  on  burning  are^ 
invariably  more  or  less  impure,  that  is,  silicious  limestones,  and  in  most 
cases  strongly  magnesian,  though  in  some  of  the  best  foreign  cementss 
this  element  is  nearly  absent.  To  illustrate  this  composition  more  fuUy^ 
the  following  analyses  are  added,  some  of  them  made  by  the  writer,  and 
others  gathered  from  various  publications. 

American  Cbbobnt  Bocks. 


i\  ii- 


Carbonate  of  lime.. 

Carbonate  of  magnesia.. 

Silica.. 

Alumina. 

Oxide  of  iron 

AlkaU 


ao.7a 

36.10 

19.64 

7.62 

2.88 

4.10 


2 


41.80 

8.60 

24.74 

16.74 

6.80 

6.18 


69.00 
8.40 

16.66 

6.80 

%M 

ondet 


42.26 
81.98 


22.18 
nndet 
nndet 


J46.52 

26.40 

16.41 

6.44 

8.88 

nndet 


1.  Ulster  county,  New  York. 

2.  Cumberland,  Maryland. 
8.  New  Lisbon,  Ohio. 

4.  La  Salle,  Illinois. 

6.  Bellaire,  Ohio.    (8  and  6  analyzed  by  the  writer). 

43        G. 


•tr,  J'" 
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SiUca 

lime  ~ 

Magneaia 

Oxide  of  iron  and  alumina. 

Alkali.. 

Water,  carbonic  acid  and  loss.... 


1 

2 

8 

4 

22.78 

17.17 

24.40 

22.70 

1 

34.54 

48.28 

41.80 

1 

21.86 

19.18 

16J» 

26.7S     , 

10.48 

10.80 

6.20 

7.40     « 

8.68 

trace. 

1.62 

undet 

9.89 

4.00 

1.  Roeendale  cement 

2.  Boeendale,  another  make. 

8.  Loaiayille  cement  (analysed  by  writer). 

4.  Bofblo  Natural  Portland  (analysed  by  writer). 

Where  analyses  of  cement  or  cement  rock  do  not  give  the  amount 
of  the  alkalies,  they  must  be  regarded  as  incomplete.  Gillmore  says  in 
his  book  on  "  Limes,  Hydraulic  Cements  and  Mortars  "  that  all  cement 
rocks  contain  alkalies,  which  are  important  in  determining  their  cement- 
forming  qualities.  It  is  also  known  that  in  the  manufacture  of  Portland 
cement  from  a  mixture  of  clay  and  limestone  a  certain  per  cent,  of  alkali 
if  not  present  in  these  materials,  must  be  added.  The  amount  is  small, 
but  it  is  essential. 

The  causes  of  the  setting  of  a  cement  have  been  much  discussed  and 
a  number  of  theories  devised.  Probably  no  one  cause  explains  all  thai 
happens,  and  it  may  be  that  different  cements  bring  into  action  dif- 
ferent chemical  actions ;  but  for  practical  purposes,  the  following  points 
may  be  considered  as  established,  and  as  they  have  direct  bearing  upon 
the  recognition  and  treatment  of  cement  rocks,  it  will  be  necessary  to 
discuss  them  in  some  detail. 

In  the  first  place,  the  principal  constituent  of  all  these  rocks  is  lime. 
There  can  be  no  cement  made  from  any  shale,  clay,  or  slate,  alone, 
which  does  not  contain  this  element  in  excess  of  others ;  and  as  the  lime 
always  occurs  as  carbonate,  it  is  evident  that  the  greater  part  of  all  auch 
substances  will  be  dissolved  by  warm,  dilute  muriatic  acid.  There  will 
be,  in  all  cases,  a  residue  left  undissolved  by  the  acid,  which  is  very  fine 
and  not  sandy,  and  when  separated  and  washed,  is  found  to  be  like  very 
fine  clay.  It  contains  the  silica  and  almost  all  of  the  alumina  of  the 
stone  but  only  a  trace  of  the  lime,  that  having  been  taken  out  by  the 
acid.  This  clay-like  character  of  the  residue  is  characteristic  of  the 
cement  limestones.    Those  which  have  a  sandy,  gritty  residue,  will  have 
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no  hydraulic  properties  when  burned,  even  though  the  amount  of  such 
residue  be  considerable.  This  constitutes  an  easy  approximate  test  for 
cement  stone.  When  pulverized,  it  must  dissolve  in  warm  muriatic 
acid,  giving  a  muddy  liquid,  the  more  residue  the  better,  if  it  is  not  sandy 
and  gritty. 

After  such  a  rock  is  burned  at  a  bright  red  heat  for  some  hours,  it 
changes  entirely  in  character.  When  powdered,  it  dissolves  entirely  or 
nearly  so  in  acid,  giving  an  almost  clear  liquid;  and  in  the  solution  will 
be  found  the  silica  and  the  alumina  of  the  stone.  Chemistry  shows  that 
in  this  case  the  silica  and  alumina  were  combined  with  lime,  while  in 
the  original  clay  residue,  they  were  combined  with  eacii  other  in  the 
clay.  Therefore,  a  cement  contains  silicate  and  aluminate  of  lime. 
These  compounds  absorb  water,  uniting  with  it  to  form  hard,  crystal- 
line minerals.'  Evidently  this,  then,  is  part  of  the  action  of  the  ''setting." 
The  extent  to  which  this  formation  of  aluminate  and  silicate  takes  place 
in  the  burning  probably  depends  upon  the  stone  used.  It  certainly 
does  not  have  to  be  complete.  If  a  clay  containing  some  free  lime  be 
strongly  burned,  so  as  to  cause  a  partial  combination  between  it  and  the 
alumina  and  silica,  and  then,  after  finely  pulverizing,  be  mixed  with 
ordinary  slaked  lime,  this  mixture  will  ''set,"  and  the  resulting  mass 
contains  crystalline  hydro  silicates,  exactly  as  in  the  case  of  a  cement. 
Again,  if  some  cement  rocks  be  heated  to  the  point  where  complete 
combination  occurs,  the  mass  may  melt  and  give  a  hard,  glassy  '*slag," 
having  no  cement  properties  whatever. 

What  the  small  amount  of  alkali  has  to  do  with  the  setting,  it  is 
difficult  to  state.  It  may  aid  in  promoting  the  combination  during 
burning,  and  it  may  also  make  the  silicate  formed  more  easily  attacked 
by  water,  and  so  facilitate  the  hydration,  or  finally,  it  may  act  to  transfer 
silica  to  lime,  forming  silicate  of  potash,  which  is  continually  decom- 
posed by  the  lime. 

A  cement  rock,  then,  consists  of  a  limestone,  either  magnesian  or 
not,  having  intimately  mixed  with  it  fifteen  to  thirty-five  per  cent,  of 
clay,  and  a  little  potash  or  soda.  The  hydraulic  energy  given  to  such  a 
rock  by  burning  will  vary  with  the  temperature  and  length  of  time  it 
is  heated.  Where  it  is  burned  too  hard,  it  may,  as  before  stated,  lose 
entirely  its  property  of  setting,  forming  even  a  slag-like  mass  like  the 
furnace  cinder  in  iron-making.  This  danger  of  over-burning  is  probably 
greater  in  the  more  magnesian  stones,  as  it  is  well  known  that  lime 
and  magnesia  form  a  more  fusible  combination  with  silica  than  either 
alone.  This  may  be  the  reason  that,  while  the  artificial  cements,  having 
about  the  same  composition  as  the  natural  ones,  except  that  they  contain 
only  lime,  are  best  and  strongest  when  highly  burned,  the  others  are 
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only  able  to  stand  a  limited  burning  without  becoming  vitrified  and 
ruined. 

From  the  table  of  analyses  given  before,  the  composition  of  an 
average  cement  rock  may  be  stated  to  be — 

Carbonates  of  lime  and  magnesia.. 76  to  60  per  cent. 

Silica 16  to  26     "      " 

Sr  Alumina 6  to  12    "      '* 

and  it  may  be  expected  that  any  one  having  a  composition  between 
these  limits  will  probably  furnish  a  cement  when  calcined  for  a  certain 
time  at  a  certain  temperature,  points  which  may  be  ascertained  by 
experiment.  Gillmore  gives  full  directions  in  his  work  before  referred 
to  for  ascertaining  the  proper  degree  of  calcination.  His  method  is 
essentially  as  follows : 

The  stone,  after  breaking  into  pieces  of  approximately  the  same  size, 
which  should  be  about  as  large  as  a  walnut,  is  placed  in  a  large  fire-clay 
crucible  provided  with  a  hole  in  the  bottom,  like  an  ordinary  flower-pot. 
This  hole  serves  to  permit  a  current  of  air  to  pass  up  through  the  crucible 
and  thus  assist  the  calcination  of  the  stone.  The  crucible  with  its  con- 
tents is  then  placed  in  a  good  coke-fire  (best  in  a  large  grate)  and  heated 
to  bright  redness.  After  forty-five  minutes,  a  few  pieces  are  removed,  and 
again  after  an  additional  forty-five  minutes,  some  others,  and  so  on  at 
intervals  of  three-quarters  of  an  hour,  until  some  have  been  heated  for 
at  least  six  hours.  These  various  fragments  are  separately  ground  to 
powder,'  and  made  into  a  stiff  paste  with  water.  The  time  and  energy 
of  setting  together  with  the  subsequent  behavior  in  water,  will  indicate 
the  quality  of  the  stone  as  developed  at  each  degree  of  burning. 

Limestones,  of  course,  slack  and  fall  to  powder.  The  slightly  hy- 
draulic limes  will  set  and  hold  their  shape  when  very  lightly  burned, 
but  the  longer  heated  portions  crack  and  disintegrate.  The  true  cements 
set  and  gradually  harden  under  water,  though  those  portions  hardest 
burned  may  lose  their  value.  Where  the  greatest  strength  is  developed 
by  a  moderate  burn,  the  cement  will  be  found  to  set  rapidly,  as  a  rule. 

There  are  some  cements,  which,  as  the  temperature  and  time  of 
burning  increase,  become  slower-setting  and  stronger.  Such  a  rock  may 
furnish  two  kinds  of  cement,  a  quick-setting,  light- burned,  and  a  slower- 
getting,  heavier  burned,  the  latter  resembling  the  artificial  Portland 
cement.  The  "Buffalo"  cement  rock  is  of  this  character;  and  the 
burned  stone  from  the  kiln  is  partially  pulverized,  then  separated  into 
powder,  constituting  the  light  cement  and  hard  lumps,  which,  being 
heavier  burned,  resist  the  first  grinding.  These,  subsequently  ground 
again,  furnish  the  *'  Buffalo  Portland  "  cement. 
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The  preparation  of  the  cement  on  a  large  scale  is  simply  the  appli- 
oation  of  proper  machinery  for  doing  in  a  cheap  and  efficient  manner 
the  same  thing  that  was  described  before  in  the  laboratory  testing  of  the 
rock,  the  two  steps  being  a  careful  barning  of  the  rock  and  its  subsequent 
pulverization.  The  goodness  of  the  resulting  material  will,  however,  . 
largely  depend  upon  the  skill  with  which  these  operations  are  performed. 
The  proper  temperature  being  ascertained  for  the  burning  of  the  partic- 
ular rock,  it  must  be  carefully  maintained  by  regulating  the  amount  of 
fuel,  and  in  the  product  drawn  from  the  kiln,  all  under-burned  or  over- 
burned  parts  being  separated  by  the  workmen  before  it  goes  to  the 
mills. 

The  pulverization  is  one  of  the  most  important  points.  It  has  been 
found  by  careful  experiment  that  the  coarser  particles  of  the  ground 
cement  are  of  no  more  value  than  so  much  admixed  sand,  only  the  finest 
powder  having  the  power  of  setting ;  and  as  the  cement  is  always  used 
in  mort^  with  sand,  it  is  evident  that  the  more  of  the  material  which 
is  in  the  dusty  state,  the  more  sand  the  cement  will  carry  to  make  a 
mortar  of  a  given  strength.  Hence,  in  testing  a  cement  prepared  for 
use,  it  should  be  sifted  through  a  very  fine  sieve,  and  the  amount  of 
coarse-ground  material  noted.    The  smaller  this  is,  the  better. 

The  kilns  used  in  burning  are  oval  or  round  in  section,  and  from 
twenty-five  to^forty-five  feet  in  height.  They  are  contracted  toward  the 
bottom,  and  are  there  provided  with  arched  openings  through  which  the 
burned  stone  is  drawn.  The  shell  or  support  of  the  kiln  is  masonry  or 
sheet-iron,  as  in  the  case  of  blast-furnaces.  The  natural  cement  rocks 
are  usually  burned  '^  continuously,"  that  is,  the  material  is  continually 
added  at  the  top  as  it  settles  in  the  furnace,  and  is  drawn  at  small  inter- 
vals from  the  bottom.  This  plan,  of  course,  takes  less  fuel  than  where 
a  kiln  full  of  material  is  allowed  to  cool,  and  then  a  fresh  one  heated. 
This  latter  plan,  however,  seems  to  be  preferred  in  burning  the  artificial 
cements. 

The  fuel  is,  in  many  cases,  mixed  with  the  stone  and  the  whole 
burned  together,  coal  slack  or  small  coke  being  used.  In  other  kilns, 
there  are  furnaces  at  the  sides  in  which  woc^,  coal  or  coke  can  be  burned, 
and  the  hot  flames  then  pass  into  the  body  of  the  stack,  heating  the 
stone  thus  kept  from  direct  contact  with  the  fuel.  This  plan  has  one 
great  advantage.  As  the  temperature  and  extent  of  burning  will  be 
regulated  by  the  rapidity  with  which  the  material  is  drawn  from  the 
bottom,  the  faster  the  stone  is  taken  out,  the  more  rapidly  it  passes 
through  the  kiln,  and  the  less  it  will  be  burned. 

Where  the  fuel  is  mixed  with  the  stone,  the  heat  will  be  regulated 
by  the  proportion  added.    This  must  be  determined  by  experiment; 
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and  should  a  variation  in  the  quality  of  the  rock  necessitate  a  ch&xige 
in  the  temperature,  it  can  only  be  learned  when  the  kiln  has  burned 
through,  and  when  it  is  too  late  to  correct  the  damage,  while  in  the 
former  class  of  furnaces,  the  burner  simply  changes  the  rate  of  drawing, 
.and  so  raises  or  lowers  the  heat,  as  the  appearance  of  the  clinker  indi- 
cates. 

At  the  Utica  mills,  described  in  the  ''  Transactions  of  the  American 
Institute  of  Mining  Engineers,"  vol.  13,  where  four  kilns  with  side  fur- 
naces are  used,  the  largest  having  a  capacity  of  1,000  barrels,  the  draw- 
ing is  done  every  two  hours,  the  material  being  in  tHe  kiln  four  days. 

To  ascertain  the  quality  of  the  rock,  a  small  ^'  try  kiln  "  a  couple 
of  feet  square  and  six  or  eight  feet  high  is  used,  and  it  should  be  kept 
running  pretty  constantly  where  the  regulating  of  the  burning  depends 
ubon  the  varying  of  the  fuel  mixed  with  the  rock,  or  an  undetected 
change  in  the  character  of  the  stone  may  cause  the  loss  of  a  kiln  fall  of 
cement.  A  simple  chemical  expedient  for  controlling  the  character  of 
the  material  would  be  the  determination  of  the  carbonic  acid  given  off 
by  a  certain  weight  when  dissolved  in  acid.  This  could  be  done  on  the 
stone  as  it  came  from  the  quarry,  and  any  variation  in  the  quality 
would  appear  at  once.  This  method  of  control,  when  applied  to  the 
manufacture  of  artificial  cement,  has  given  perfect  satisfaction  in  secur- 
ing regularity  of  product,  the  mixture  being  tested  three  times  daily. 

The  arrangements  for  handling  the  stone  must  be  of  the  simplest 
and  most  efficient  description.  At  one  of  the  principal  works  at  Louis- 
ville, the  rock  is  quarried  from  a  bed  twenty  feet  thick  which  lies  under 
five  feet  of  soil  and  shale  (stripping),  is  thrown  into  cars  which  are 
drawn  by  a  wire  rope  up  an  inclined  plane,  and  dumped  into  the  top  ol 
the  kiln  with  the  requisite  fuel.  The  kilns  are  in  rows  of  four.  The 
*^  clinker,"  or  burned  rock,  is  drawn  from  the  bottom,  as  usual.  One 
man  will  do  the  drawing  for  a  large  kiln.  Where  kilns  of  the  side-fur- 
nace type  are  used,  a  man  can  fire  one  or  two  of  them.  As  this  work  is 
necessarily  continuous,  double-turns,  night  and  day,  must  be  worked. 

The  kilns  are  lined  with  a  single  course  of  fire-brick,  supported  as 
previously  stated,  by  masonry  or  an  iron  shell  of  No.  12  to  16  tank  iron, 
with  an  intervening  course  of  red  brick  and  a  space  of  two  inches,  more 
or  less,  filled  with  sand,  loam,  or  ashes,  to  allow  expansion.  The  kilns 
should  face  the  prevailing  winds  to  accelerate  the  draft; 

The  burned  stone  must  be,  as  already  noted,  carefully  picked  over 
to  remove  under-burned  or  over-burned  portions  which  are  worse  than 
merely  useless,  being  in  some  cases  dangerous  to  the  quality  of  the 
cement,  causing  it  to  swell  and  crack,  owing  to  their  containing  uncom- 
bined  lime.    The  clinker  is  next  crushed  to  the  size  of  small  gravel,  the 
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finer  the  better,  as  crushing  coats  less  than  grinding,  and  the  smaller 
the  particles  the  less  wear  on  the  mill-stones.  The  usual  apparatus  for 
crushing  is  some  sort  of  jaw-crusher.  There  are  a  number  of  patented 
machines  of  this  class.  All  do  good  work.  The  special  form  most  useful 
for  a  given  rock  would  probably  be  determined  by  the  hardness  of  the 
clinker  produced.  At  the  La  Salle  mill,  in  Illinois,  the  burned  rock  is 
crushed  in  a  "  dry  pan,"  with  a  heavy  roller  similar  to  the  apparatus 
used  in  working  fire-clay  for  brick-making.  This  would,  probably,  only 
be  adapted  to  a  comparatively  tender  clinker.  The  grinding  machinery 
is  the  most  important  about  the  mill.  The  machine  almost  universally 
used  is  the  buhr-stone,  set  in  all  respects  like  a  flour-mill,  the  stones 
commonly  running  horizontally,  though  in  some  mills  they  run  verti- 
cally, the  material  being  fed  on  top  of  the  stones  which  are  carried  by  a 
horizontal  spindle.  Such  stones  are  run  at  high  velocity,  five  hundred 
revolutions  a  minute.  The  engineer  of  the  Utica  mill  states  that  a  pair 
of  thirty-inch  vertical  stones  grind,  at  that  velocity,  fifteen  barrels  per 
hour.  The  yield  will,  of  course,  depend  upon  the  hardness  of  the 
clinker.  A  pair  of  forty-eight-inch  horizontal  stones  working  on  Port- 
land cement  clinker,  will  hardly  average  more  than  a  third  of  the  above 
amount,  if  the  proper  standard  of  fineness  is  maintained. 

There  have  been  numerous  machines  invented  for  fine  pulverization 
of  cement,  and  probably  some  of  them  are  efficient ;  but  thus  far  the 
buhr-stone  has  held  its  own,  as  giving  the  peculiarly  dusty,  impalpable 
powder  which  is  absolutely  necessary  in  this  case.  The  great  objection 
to  the  buhrs  is  their  high  cost  for  maintenance.  The  face,  or  '*  dress," 
rapidly  wears  ofi^,  and  the  mill  has  to  be  '^  hung  up"  and  cut  again  every 
few  days.  The  labor  for  this  must  be  skilled,  and  the  expense  is  a 
heavy  charge. 

The  ground  cement  is  run  either  directly  into  barrels,  which  are 
continually  jarred  on  a  ''shaker,"  so  as  to  settle  the  cement  all  down  and 
prevent  the  barrel  from  settling  when  headed-up  and  shipped,  which 
would  be  the  case  were  the  material  simply  run  in ;  or  else  it  is  taken 
from  the  mill  by  elevators  into  bins  for  storage.  The  natural  cements 
are  probably  best  barreled  directly,  ae  they  deteriorate  on  keeping ;  but 
the  artificial  cements  must  be  aged  in  the  bins  awhile  to  give  them  a 
safe  character. 

The  natural  cements  of  the  United  States  are  generally  rather  quick- 
setting,  that  is,  take  a  set  in  less  than  a  half-hour,  when  tested  ''  neat," 
or  without  sand.  The  ''  neat"  cements  usually  show  from  sixty  to  a 
hundred  pounds  tensile  strength  on  a  section  of  one  square  inch,  after 
seven  days,  when  tested  according  to  the  standard  method  of  the  Society 
of  Civil  Engineers,  described  further  on  in  this  chapter.    In  good  ce- 
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ments,  the  strength  should  continne  to  increase  slowly,  until  at  the  end 
of  a  year,  it  should  reach  three  hundred  or  four  hundred  pounds.  Many, 
if  not  all,  of  the  natural  cements  deteriorate  on  keeping,  the  free  lime 
becoming  carbonated  and  losing  its  power  of  acting  upon  the  clay  sili- 
cates of  the  burned  rock.  In  this  respect,  such  cements  differ  greatly 
from  the  artificial  Portland  cements,  which,  as  wiU  be  seen,  owe  their 
peculiar  value  to  the  formation  of  silicates  and  aluminates  of  lime 
which  are  not  readily  altered  by  the  action  of  air,  and  instead  of  deterio- 
rating with  age,  improve  steadily  in  value  for  two  years  at  least,  as  these 
cements  are  better  when  the  small  amount  of  free  lime  they  contain  is 
slaked  and  its  *'  cracking"  tendency  thus  destroyed. 

Artificial  Cements. 

The  foregoing  brief  review  of  natural  cements  shows  the  wide  vari- 
ations  in  their  composition  and  character,  the  want  of  uniformity  of 
the  product  of  even  the  same  works,  and  the  moderate  strength  which 
they  generally  possess.    It  has  also  been  made  apparent  that  the  valu- 
able properties  of  these  '* material  cement  rocks"  are  due  to  the  admix- 
ture of  calcined  clay  and  caustic  lime  with  silicates  and  aluminates  of 
lime.    These  ingredients,  occurring  in  widely  different  proportions  in 
natural  rocks,  give  various  values  to  the  stones,  and  need  careful  burn- 
ing to  develop  the  maximum  power  in  the  particular  rock  used.     The 
discovery  that  a  superior  cement  could  be  made  artificially  by  the  burn- 
ing of  a  mixture  of  lime  and  clay  was  made  early  in  this  century,  and  is 
the  subject  of  several  English  patents  from  1810  on.    It  was  the  logical 
result  of  Smeaton's  discovery  that  the  limestones  containing  clay  were 
the  most  hydraulic.    John  Smeaton,  the  Contractor  of  the  Eddystone 
Light  House,  in  searching  for  a  proper  mortar,  made  a  remarkable 
series  of  experiments  on  the  composition  of  limes,  and  is  acknowledged 
to  have  been  the  first  to  discover  the  true  cause  of  the  difference  in 
water  resisting  power  of  mortars  (^Tortland  Cement,  Its  Manufacture 
and  Uses,"  by  Henry  Reid).    But  for  a  long  time  the  knowledge  on  the 
subject  was  largely  empirical,  and  it  has  only  been  lately  that  the 
principles  involved  have  been  understood  and  the  wide  applicability  of 
the  methods  appreciated.    The  manufacture  of  Portland  cement  was 
confined  to  England,  where  the  chalk  deposits  furnished  an  abundant 
supply  of  easily  disintegrated  carbonates  of  lime,  and  for  admixture,  the 
soft  and  sandless  alluvial  clays  of  the  Medway.    The  name  of  the  artifi- 
cial cement  is  given  from  its  resemblance  in  color,  when  ^^set,"  to  the 
famous  Portland  Stone  of  which  Westminster  Abbey  is  built.  ^ 

Within  the  last  few  years,  with  more  definite  knowledge  of  the 
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oombinations  required  in  the  making  of  Portland  cement,  the  manufac- 
ture has  spread  all  over  the  world,  the  greatly  increased  production 
hardly  meeting,  however,  the  demands  created,  as  the  superior  quality 
of  the  artificial  over  the  natural  material  has  been  more  and  more 
demonstrated.  These  advantages  are  uniform  and  high  strength,  in- 
definite keeping  quality,  and  perfect  hydraulicity,  setting  under  water 
as  strongly  as  in  air. 

The  production  of  artificial  cement  has  thus  far  been  confined 
almost  exclusively  to  the  manufacture  of  this  ^Tortland,"  or  heavy  and 
slow-setting  cement.  There  appears  to  be  no  reason  why  a  quick- 
setting  and  lighter  cement  should  not  be  produced  with  equal  facility! 
except  that  the  excessive  cheapness  of  the  natural  cements,  which  have 
these  qualities,  renders  this  artificial  product  unnecessary.  Portland 
cement  is  now  made  in  England,  France,  Germany,  and  very  recently 
in  one  or  two  localities  in  the  United  States. 

That  the  manufacture  of  Portland  cement  is  certain  to  become  a 
more  and  more  important  industry  in  this  country  is  most  obvious. 
The  enormous  increase  of  its  importation  during  the  last  few  years 
(58,450  barrels  in  1877,  and  466,362  barrels  ip  1884  having  been  received 
at  the  port  of  New  York)  shows  the  rapidly  increasing  rate  of  consump- 
tion, this  increase  of  foreign  purchase  being  in  the  face  of  a  home  pro- 
duction of  100,000  barrels  in  1884  as  against  practically  none  in  1877 
C^Mineral  Resources  of  the  United  States" — Williams),  This  increase  is 
due  (Op.  Git.)  to  the  rapidity  with  which  cements  are  replacing  lime 
mortars  in  all  ordinary  building  work. 

In  view  of  these  very  significant  facts,  it  would  appear  that  the 
consideration  of  the  facilities  which  the  state  of  Ohio  affords  for  this 
manufacture  would  be  of  great  importance.  That  the  manufacture  of 
Portland  cement  has  been  so  little  undertaken  is  partly  due  to  two  facts, 
first,  that  there  has  been  a  wide-spread  impression  that  some  mysterious 
virtues  in  the  English  materials  made  the  venture  anywhere  else 
^'extra  hazardous,"  and  secondly,  that  the  whole  manufacture  has  been 
so  little  discussed  and  understood  that  anyone  entering  this  field  of  in- 
vestigation was  treading  new  ground  and  could  get  little  assistance 
from  any  published  writings.  The  publication  of  Mr.  Henry  Reid's 
book  on  'The  Manufacture  of  Portland  Cement''  put  the  whole  art  in 
the  hands  of  the  public;  but  still  there  is  so  much  ignorance  and  preju- 
dice that  anything  but  English  cement  is  looked  upon  as  an  imita- 
tion, in  spite  of  the  fact  that  considerably  over  half  of  the  cement  im- 
ported in  1884  did  not  come  from  England  but  from  the  Continent  of 
Europe, 

The  principles  involved  in  the  manufacture  are  few  and  simple. 
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The  practical  application  of  them  requires  merely  intelligence,  some 
accurate  chemical  knowledge,  and  careful  attention.  The  object  to  be 
attained  is  the  production  of  a  certain  combination  of  lime,  silica, 
alumina,  and  alkalies ;  and  the  method  is  simply  by  proper  mechanical 
treatment  to  bring  these  elements  into  very  intimate  admixture,  and 
then,  by  submitting  them  to  the  requisite  heat,  to  cause  their  chemical 
combination. 

The  materials  necessary  for  the  production  of  Portland  cement  are 
very  widely  distributed,  and  may  be  of  the  most  various  kinds ;  bat  at 
least  two  classes  are  always  required,  first,  a  source  of  lime.  This  may 
be  chalk,  as  in  England,  limestone,  as  in  Ohio,  or  shell  marls,  which 
also  occur  in  many  places  in  this  state.  The  limestone  may  contain 
olay,  provided  the  deposit  is  uniform  in  quality,  but  should  be  as  low 
as  possible  in  magnesia,  this  element  being  injurious  to  Portland  cement, 
which  in  this  respect  differs  from  the  natural  cements.  The  uniformity 
of  quality  in  the  limestone  is  a  point  of  capital  importance,  as  without 
it,  it  must  be  difficult  to  maintain  the  regularity  of  composition  so 
necessary  to  the  cement  mixture.  The  softer  and  less  crystalline  the 
limestone,  the  more  easily  it  can  be  brought  to  the  impalpable  powder 
necessary  for  its  thorough  admixture  with  the  other  elements  of  the 
charge.  In  the  case  of  hard  and  crystalline  limestones,  it  might  be 
necessary  to  give  them  a  preliminary  burning  to  render  them  soft 
enough,  but  the  writer  has  made  first-class  Portland  cement  from  such 
rocks  with  no  preliminary  treatment  whatever.  There  are  plenty  of 
limestones  in  Ohio  which  will  answer  the  purposes  of  cement  manu- 
facture perfectly.  Their  great  purity  is  shown  by  the  following 
analyses : 


1 

94.18 
1.02 
2.28 
1.26 

2 

94.19 
1.29 
4J26 
0.26 

8 

87.26 
5.26 
6.80 
1.30 

4 

6 

6 

Carbonate  of  lime 

96.80 
2.07 
0.83 
0.29 

92.02 
1.86 
2.90 
2.71 

96.10 

Oarbonate  of  magnesia 

1.90 

Silicions  matter 

8.eo 

Iron  Rnd  alnmlna 

0.6 

1.  Ames  or  Crinoidal  limestone,  Sunday  Creek  hills. 

2.  Upper  Helderberg  limestone,  Columbus  limestone,  average  of  eight  samplet. 
8.  Upper  Helderberg  limestone,  Columbus  limestone,  smooth  rock. 

4.  Clinton  limestone,  New  Carlisle. 

6.  Coal  Measure  limestone,  Holmes  county. 

6.  Mazville  limestone.  Perry  county,  hardpan  of  quarrymen. 


n 
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It  is  desirable  that  the  silicious  matter,  if  in  the  form  of  sand,  be  as 
low  as  possible,  as  in  this  shape  it  is  difficult  to  bring  it  into  the  proper 
combination.  When  it  is  clay-like  in  character  its  amount  is  not  so 
important  if  it  be  accurately  known  and  allowed  for. 

The  shell  marls  are  of  frequent  occurrence  in  Ohio,  and  where  large 
deposits  occur,  they  might  easily  be  used  for  cement  manufacture,  their 
friable  and  soft  nature  rendering  them  peculiarly  adaptable  for  this 
purpose.    The  following  analysis  illustrates  their  composition : 


Oarbonate  of  lime 

Carbonate  of  magnesia... 

Iron  and  almnina 

Insoluble  residue 

Alkalies 


65.90 
1.90 
7.40 

81.80 
2.49 


1.    Woodstock  marl,  Wormley. 


^  The  second  class  of  materials  required  is  that  which  furnishes 

silica,  alumina  and  alkalies.    This  class  comprises  a  great  variety  of 

.v.;  substances.     In  Ohio,  two  great  sources  exist:     First,  clays.     The 

extent  and  variety  of  clays  in  this  state  is  very  great,  but  not  all  are 

.".,  equally  fitted  for  the  manufacture  of  cement.    The  points  to  be  con- 

V  sidered  are,  however,  those  which  govern  the  choice  of  limestone,  that  is, 

the  mechanical  condition  of  the  silica  the  clay  contains.  The  great 
secret  of  the  proper  manufacture  is  the  intimate  combination  of  the 

^'  materials  previous  to  burning.    Hence,  clays  free  from  grit  or  sandy 

}  parts  are  essential,  the  hard  grains  of  sand  resisting  pulverization  almost 

absolutely.    Therefore,  ''fat,"  or  plastic,  clays  are  those  to  be  sought. 

^  The  fusibility  of  the  clay  is,  in  the  opinion  of  the  writer,  a  point  of 

importance.  Clays  which  are  not  too  refractory  lend  themselves  to  com- 
bination at  a  lower  initial  temperature  than  those  freer  from  lime  and 
alkalies.    Hence,  clays  high  in  alkalies  are  those  most  desirable,  and 

ill  can  be  burned  more  regularly  into  a  good  '^  clinker,"  as  the  burned  but 

unground  cement  is  termed.  The  presence  of  a  certain  amount  of 
alkali  is  also  necessary  in  the  cement  itself,  and  hence,  is  all  the  more 

;;/jf  required  in  the  clay.    The  higher  the  clay  in  silica,  provided  the  silica 

rxi  is  not  present  as  sand,  the  better.    Very  aluminous  clays  seem  harder 

to  burn  right,  owing,  possibly,  as  has  been  suggested  by  Reid,  to  the 
aluminates  and  silicates  forming  at  different  temperatures,  so  that  unless 
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the  silica  prei)onderates  considerably,  the  burning  is  likely  to  be  wrong. 
In  addition  to  clays,  there  are  many  shales,  consisting  of  extremely  fine 
silicious  matter,  and  easily,  especially  after  a  preliminary  burning, 
reduced  to  fine  powder,  which  would  yield  very  fine  cements,  if  properly 
mixed  and  handled.  Such  is  the  black  shale  of  this  state,  of  which  the 
following  is  an  analysis : 

Black  Shdle,  Columbus,  Ohio. 

Silica 60« 

Iron  and  alnmina 81.80 

Carbonate  of  lime. 2M 

Oarbonate  of  magnesia...* 8.88 

Volatile  and  organic  matter 10.70 

Moisture 0.70 


There  is  a  most  valuable  material  in  furnace  slag  from  coke  furnaces. 
These  slags  contain  from  thirty-two  to  thirty-eight  per  cent,  of  silica 
combined  with  alumina  and  lime,  the  latter  often  forming  forty-six  to 
fifty  per  cent,  of  the  slag.  The  silica  is  in  such  shape  that  it  can  be 
most  easily  made  to  combine  with  the  extra  lime  needed.  Many  of  these 
slags  are  already  cements,  and  when  powdered,  will  "set"  to  a  hard  rock, 
in  time,  if  kept  wet.  In  the  use  of  furnace  slag,  two  or  three  points 
need  to  be  considered,  however.  In  the  first  place,  the  presence  of  con- 
siderable sulphur  in  the  material  is  invariable.  This  has  a  most  injur- 
ious action  on  cement,  and  more  than  a  few  tenths  of  a  per  cent,  will 
injure  the  strength  and  permanency.  This  sulphur  can  be  partly 
removed  by  running  the  hot  slag  into  water,  thus  "  granulating"  it,  a  most 
desirable  preliminary  to  its  use,  as  otherwise  it  must  be  crushed  and 
ground,  which  will  be  found  very  destructive  to  millstones;  but  even 
when  this  is  done,  it  is  desirable  to  use,  instead  of  the  slag  alone  with 
limestone,  an  admixture  of  a  pure  clay  high  in  combined  water.  This 
water,  escaping  at  a  high  temperature,  seems  to  act  on  the  sulphur  in 
the  sulphide  of  calcium  in  the  slag  and  remove  considerable  of  it  as  sul- 
phuretted hydrogen.  The  threefold  mixture  combines  other  advantages 
with  the  foregoing,  the  fusibility  of  the  slag  at  the  temperature  of 
.  the  kiln  making  the  combination  of  clay  and  lime  more  certain  and 
regular  and  less  dependent  upon  the  perfection  of  the  mechanical  com- 
bination. 

In  many  cases,  clays  and  shales  contain  iron  pyrites,  or  sulphide  of 
iron.  Where  this  is  the  case,  they  should  be  avoided,  unless,  as  in  the 
case  of  the  black  shale  above  mentioned,  they  can  be  given  a  prelim- 
inary burning.    This  shale  can  be  easily  thus  burned,  as  it  contains  a 
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large  amount  of  organic  matter,  and  could  be  stacked  up  with  a  little 
coke  slack  and  burned  in  piles. 

The  above  described  materials  are  those  which,  in  this  state,  are 
most  available  for  cement  manufacture.  They  do  not,  however,  cover 
even  a  considerable  proportion  of  the  list  of  things  from  which  it  can 
be  made.  Marls,  trap  rocks,  slates,  "alkali  waste,"  and  many  other 
lime  and  silica  compounds  could  be  thus  utilized.  Some  clays  and 
marls,  having  a  large  proportion  of  lime  in  them,  would  be  particularly 
well  adapted  to  the  purpose,  and  most  excellent  results  have  been  ob- 
tained from  such  materials  in  Denver,  Colorado,  where  Portland  cement 
is  made  from  a  marl  and  limestone,  having  the  following  composition : 

Limestone.  Marl. 

Carbonate  of  lime 96.0  68.5 

Insolable  ulidotiB  matter  ^ 6.0  82.6 

Alkali  and  magnesia nndet  4.5 

The  first  step  in  the  investigation  of  the  available  material  for 
cement  making  at  any  point  should  be  a  careful  chemical  analysis  of 
such  limestones  and  clays  as  can  be  obtained  cheaply  and  in  abundance, 
not  neglecting  any  of  the  other  substances  mentioned,  should  they 
occur  in  quantity.  The  analyses  should  be  made  on  large  and  carefully 
averaged  samples,  or  the  results  may  be  entirely  misleading.  The  free- 
dom of  the  clay  from  grit  or  sand  should  be  ascertained,  and  if  the 
limestone  is  not  low  in  silicious  matter,  this  should  be  in  the  form  of 
clay  and  not  of  sandy  particles.  The  next  thing  to  ascertain  is  the 
proportion  and  result  of  burning  of  the  materials.  This  will  require  a 
course  of  experiments  which  must  be  thoroughly  carried  out.  The 
apparatus  necessary  is  a  large  mortar  and  pestle,  a  pair  of  scales,  and 
some  substitute  for  a  kiln.  This  may  be  a  small  "  try  kiln  "  like  those 
used  at  most  cement  works  for  testing  stone,  and  which  are  always 
used  where  Portland  cement  is  manufactured,  to  control  and  test  the 
mixtures,  or  perhaps  just  as  well,  an  ordinary  stove  with  a  good  draft, 
capable  of  holding  coke  enough  to  burn  two  or  three  hours.  The  fuel 
required,  coke,  should  be  free  as  possible  from  sulphur.  If  this  element 
is  present  in  quantity,  the  cement  made  in  these  preliminary  tests  will 
have  a  most  discouraging  blue  color  when  set,  and  be  of  but  inferior 
value,  even  if  the  material  be  all  right. 

The  proportions  of  mixture  can  then  be  calculated  from  the 
analysis.  The  following  analyses  of  various  brands  of  Portland  cement 
will  serve  as  a  standard : 
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SiUca 

Alamina 

Oxide  of  iron  ^ 

Lime 

Magnesia  ^..' 

Alkalies  

Water  and  carbonic  acid.... 


1 

2 

8 
20.96 

4 

22.23 

22.74 

24.06 

7.76 
5.30 

7.74 
8.70 

9.48 

5.93 

54.11 

56.68 

60.25 

62.61 

andet. 

0.57 

2.97 

0.66 

2.66 

0.63 

nndet. 

1.15 

nndet. 

5.40 

nndet. 

nndet. 

92.05 

97.46 

93.66 

94.41 

84.10 

I  7.S1 

«).T9 
3.6S 
0.89 

undet. 


96.81 


German  Cement  (Serlo). 

Best  Eoglisb  Portland  (Reid). 

Giant  Portland  (American). 

German  Imperial. 

American  Portland,  made  in  Ohio  of  slag,  clay  and  Oolnmbos  limestone. 


There  is  considerable  variety  of  composition.  What  the  law  is  which 
exactly  governs  the  proportions  to  give  the  best  results,  it  is  difficult  to 
say ;  but  from  numerous  teste  made  by  the  writer  on  cement  materials, 
the  conclusion  reached  practically  is  that  for  each  kind  cf  material 
there  is  a  best  composition  for  the  resultant  cement.  So  that  the 
method  of  procedure  would  be  to  take  some  one  element  as  a  basis  and 
vary  this  until  the  desired  result  was  obtained.  This  is  best  done  by 
taking  the  ratio  of  silica  to  lime.  Taking  various  analyses  given  above, 
if  the  lime  be  divided  by  the  silica  in  each  case,  the  result  lies  between 
2.6  and  2.9.  Given,  then,  a  limestone  and  a  clay,  if  the  percentage  of 
silica  in  the  limestone  be  called  A,  and  in  the  clay.  A',  and  the  percent- 
age of  lime  in  the  limestone  be  called  B,  and  in  the  clay  B',  then 
if  X  is  the  amount  of  clay  to  be  added   to   100  parts  of  limestone, 

!^'?t"?U2.5  to  2.9 or  x=100  /:^75^'^^^>^\ 


100.A+x.A'~"'"  ""  "•""*  — w.,  ^(2.6 to 2.9) A'— B7* 
With  the  given  materials,  a  series  of  mixtures  ranging  from  the  2.5  to 
2.9  limit  should  be  made.  The  materials  being  carefully  weighed  oat, 
they  may  be  put  in  the  mortar,  not  separately  but  together,  and  then 
pounded  and  rubbed  to  an  impalpable  powder.  This  powder  is  then  to 
be  moistened  with  water  to  a  stiff  paste,  made  into  balls  the  size  of  the 
fist,  and  let  thoroughly  dry  over  a  warm  stove.  When  dry,  they  may 
be  burned  in  the  kiln  or  stove,  as  follows:  A  clear  and  bright  coke  fire, 
eight  or  nine  inches  deep,  is  covered  with  a  couple  of  inches  of  new  coke. 
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The  balls  are  laid  into  this  and  then  covered  with  a  few  inches  of  new 
coke,  then  the  whole  let  burn  through  to  ashes.  If  the  draft  is  good,  the 
balls  will  be  gradually  heated  to  a  white  heat,  and  then  will  gradually 
cool  ofif.  Before  the  fire  goes  out,  one  of  the  balls  should  be  withdrawn 
and  cooled.  This  may,  as  soon  as  it  gets  cool,  begin  to  fall  to  powder, 
and  in  a  few  minutes  nothing  be  left  but  a  heap  of  dust.  In  this  case, 
the  clinker  is  said  to  be  "slacking"  or  "dusting,"  and  the  balls  left  in 
the  stove  may  share  the  same  fate.  If  the  heat  has  been  insufficient, 
the  balls  will  come  out  light-colored  and  speckled  with  a  chalky  look  on 
the  fractures.  If  the  heat  has  been  excessive,  the  balls  may  melt  to  a 
glassy  slag,  and  in  this  state  will  show  no  cement  properties.  If  the 
heat  was  right  and  the  mixture  correct,  the  balls  should  be  found  in  the 
ashes,  shrunken,  but  not  very  much  "  dusted,"  and  when  broken,  should 
show  on  the  fracture  a  rough,  dark,  greenish-black,  scoriaceous  surface, 
not  glassy,  but  when  examined  m  the  sunlight,  exhibiting  glittering 
points.  Some  of  the  balls  with  the  different  proportions  will  show  this 
result.  Such  should  be  then  finely  pulverized  in  the  mortar.  The 
powder  can  then  be  tried  by  mixing  a  little  with  water  and  seeing  how 
it  sets.  Part  of  it  should  be  kept  for  a  few  days,  spread  out  on  a  board 
to  "  age  "  and  then  tried  again.  Freshly  burned  cement  is  frequently 
contaminated  with  a  little  free  lime,  which  causes  it  to  crack  and  disin- 
tegrate when  set,  but  by  keeping  it  exposed  to  air  for  a  few  days,  or 
even  weeks,  when  in  large  amount,  this  is  removed  and  the  strength  of 
the  cement  appears.  In  one  experiment  of  this  kind  by  the  writer,  a 
sample  lot  of  cement  was  burned,  and  the  clinker,  owing  to  slight  over- 
liming,  would  hardly  set  at  all,  but  after  keeping  some  time,  it  set  in 
the  mould  and  stood  250  pounds  tensile  strain  on  one  square  inch  section' 
seven  days  old. 

Such  a  set  of  experiments  repeated  for  a  few  times  will  serve  to  show 
whether  the  material  will  make  cement  and  what  the  proper  ratio  of 
silica  to  lime  will  be  for  those  compounds.  The  main  points  to  take  care 
about  are  the  sufficiently  intimate  mixture  of  the  ingredients  before 
burning.  If  none  of  the  proportions  give  a  "  clinker"  that  will  stand 
cooling  and  will  set,  there  is  probability  of  a  deficiency  in  alkalies ;  and 
a  new  set  may  be  tried,  adding  to  each  batch  about  one  per  cent,  of  soda 
or  potash.  The  effect  of  this  small  addition  in  developing  cement  prop- 
erties is  sometimes  remarkable. 

The  proper  ratio  of  silica  and  lime  being  ascertained,  it  must  be 
adhered  to  in  all  subsequent  working  of  the  material;  and  if,  as  is 
usually  the  case,  the  rock  varies  slightly,  it  must  be  controlled  by  analy- 
sis, and  the  percentage  of  mixture  altered  to  suit  the  variation  in  lime 
and  silica.    The  clay  will  not  be  likely  to  vary  much,  as  a  bed  of  good 
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day  runs  about  the  same  throughout.  Where  furnace  slag  is  a  port  of 
the  mixture,  it  must,  of  course,  be  constantly,  watched  by  analysiB  to 
keep  the  ^^mix"  right,  though  if  taken  from  a  furnace  while  it  is  run- 
ning on  the  same  stock,  there  is  surprisingly  little  variation,  as  tlie  fol- 
lowing determinations  of  silica  and  lime  in  a  furnace  slag  used  in  cement 
manufacture  show.  The  analyses  were  made  some  months  apart,  but  of 
slag  from  the  same  furnace. : 


Silica, 
lime. 


1 

8 

84.0 
49.1 

84.8 
48J> 

3 


84.4 
47.7 


The  manufacture  of  Portland  cement  on  a  large  scale  is  only  the 
carrying  out  of  the  conditions  of  the  above  described  experiments,  but 
the  mechanical  difficulties  to.be  overcome  are  considerable,  and  the  two 
points  most  essential  to  the  success  are,  first,  sufficiently  fine  grinding 
of  the  materials,  and  secondly,  thoroughly  intimate  admixture.    Either 
of  these  steps  being  faulty,  the  process  will  fail.    The  method  adapted 
to  the  materials  in  this  country  is  that  described  by  Reid  and  others  as 
the  '^  dry  process,"  as  distinguished  from  that  in  which  clay  and  chalk 
are  mixed  in  a  semi-fluid  mass  and  allowed  to  settle  and  dry  together, 
as  done  in  the  English  works.    The  process  is  so  called  because  the 
material  is  ground  dry  by  millstones  or  other  machinery  for  pulveriza- 
tion.   It  can,  therefore,  be  used  for  any  hard  material.    Two  methods 
of  proceeding  are  possible,  either  to  grind  the  materials  separately  and 
th^n  mix  them  in  the  proper  proportions,  as  is  done  at  some  works,  or 
else  to  mix  the  unground  material,  once  for  all,  in  the  amounts  required, 
and  then  to  grind  the  whole  together.    This  latter  procedure  has  the 
advantage  of  affording  the  closest  possible  union  of  parts,  and  is  to  be 
recommended  where  the  nature  of  the  materials  permits  its  adoption. 
The  following  description  of  a  mill  using  the  ^'  dry  process  "  and  mak- 
ing a  Portland  cement  from  limestone  and  clay  will  give  the  method  of 
proceeding.    The  stone  was  the  ferriferous  limestone,  a  crystalline  and 
tolerably  hard  rock,  the  clay,  an  ordinary  '^bog  clay,"  soft  and  free 
from  grit.    When  brought  to  the  mill,  this  was  spread  out  on  a  small 
dry  floor  of  tile  heated  by  flues  passing  underneath,  and  there  dried  until 
in  condition  to  be  ground.    Thence,  it  was  taken  to  a  small  day-mUl 
of  iron,  ground  to  powder,  and  the  dry  powder  lifted  to  bins  in  the 
upper  part  of  the  mill  building.    The  limestone  needs  no  drying,  bat  10 
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charged  directly  into  a  crusher,  which,  in  this  mill,  was  of  the  ^'Foster" 
pattern.  The  sione  is  crushed  as  fine  as  small  gravel,  then  elevated  to  a 
bin  above  the  buhrs,  of  which  four  are  devoted  to  grinding  the  lime- 
stone. It  is  delivered  from  the  millstones  as  a  very  fine  powder  and» 
lifted  by  elevators  to  bins  above,  as  in  the  case  of  the  clay.  These  bins 
are  above  the  '*  mixing  floor,"  where  the  ground  clay  and  stone  are  run 
into  a  changing  barrow,  such  amount  of  each  as  is  necessary,  the  mix- 
ture  being  made  by  weight,  platform  scales  with  set  weights  (furnace 
scales)  being  used.  This  barrow  load  of  weighed  material  is  then, 
dumped  into  a  large  revolving  pan  mixer,  water  added  as  necessary,  the 
whole  being  mixed  by  the  stirring  arms  of  the  machine  for  twenty  to- 
thirty  minutes.  It  is  essential  that  the  operation  be  most  thorough. 
The  mixture,  now  in  the  form  of  a  moderately  etitt  dough,  is  dropped 
into  a  small  '*  clay  blocker/'  such  as  is  used  in  tile  or  brick-making,  and 
forced  out  as  a  cylindrical  mass,  which  is  cut  up  and  loaded  into  iron 
trucks,  which  run  with  it  into  a  drying  oven,  this  'latter  being  an 
arched  gallery  heated  by  a  small  grate  and  about  sixty  feet  long.  The 
'^  mix,"  after  drying  thoroughly,  is  ready  for  burning.  This  operation 
is  performed  in  cylindrical  kilns  thirty-six  feet  high  and  about  eight 
feet  in  diameter.  The  method  of  charging  and  burning  is  to  put  first  a 
quantity  of  wood  in  the  bottom  of  the  kiln,  which  is  closed  by  tempo- 
rary grate  bars  of  iron  leaving  a  space  below.  On  the  wood,  coke  is 
placed,  and  above  it  the  dried  blocks  of  material  mixed  with  coke,  the 
amount  of  coke  being  regulated  by  the  heat  required  to  burn  the  charge, 
which  varies  with  dififerent  proportions  of  mixture.  The  kiln  is  filled 
up  to  the  top,  after  setting  fire  to  the  wood  at  the  bottom,  which  in  turn 
ignites  the  coke.  The  burning  is  watched  with  great  care.  It  must  be 
slow,  and  yet  the  final  temperature  must  be  very  high  to  bring  the  mass 
to  incipient  vitrification.  As  the  mass  sinks,  more  coke  and  material 
is  added  to  the  top,  until  the  kiln  is  filled,  when  it  is  covered  over  with 
coke  and  allowed  to  burn  out  and  cool.  When  cooled  a  little,  the  charge 
is  drawn  from  the  bott6m  and  picked  over,  and  over  or  under-burned 
*^ clinker"  separated,  and  the  rest  taken  to  the  mill  for  grinding. 
Many  accidents  may  occur  in  the  kiln.  If  the  mixture  was  not  dry 
enough,  it  may  ^'dust,"  or  fall  to  powder,  and  choke  the  draft  so  as  to 
leave  a  large  portion  of  the  kiln  "  raw  " ;  or  if  the  proportion  of  the 
ingredients  was  not  right  or  the  mixing  imperfect,  the  clinker,  after 
burning,  may  fall  to  dust  and  choke  the  kiln ;  but  if  all  was  correct,  the 
<*  clinker,"  when  drawn,  should  be  mostly  in  lumps  with  a  dark  green- 
ish, submetallic  look  and  rough  granular  structure.  A  certain  tendency 
to  fall  to  powder,  if  drawn  too  hot,  is  not  objectionable,  provided  it  is  not 
44  6. 
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excessive.  The  cement  is  now  sent  through  another  crusher,  and  the 
crushed  cement  run  through  millstones,  of  which  there  are  six  '*nin'' 
or  pairs.  An  ingenious  arrangement  for  removing  the  particles  of  iron 
«which  form  in  the  kiln  from  the  limestone,  as  this  contains  a  little  iron 
ore,  consists  of  a  powerful  magnet,  over  the  surface  of  which  the  material 
drops  into  the  millstones.  To  this  the  iron  adheres,  and  is  cleaned  o^ 
thrown  to  one  side  by  a  little  scraper  acting  periodically.  The  ground 
cement  is  lifted  by  elevators  to  bins  for  storage.  The  amount  of  cement 
obtained  depends  somewhat  upon  circumstances,  but  with  clay  and  lime- 
stone, will  average  about  sixty  per  cent,  of  the  raw  material. 

In  a  more  recent  works,  making  cement  from  slag,  stone  and  claj, 
the  process  is  simplified  by  mixing  the  raw  material  in  the  requL<;ite 
amounts.  This  mixture  is  then  run  through  a  crusher  and  to  the  bnhr- 
stones  directly.  From  there,  after  a  short  mixing  in  a  pan  with  suffi- 
cient water  to  m,ake  it  into  a  dough,  it  falls  on  to  a  tile  dry  floor,  where 
it  is  spread  out,  and  when  partially  dry,  cut  up  by  a  spade  into  roughly 
square  blocks,  which,  when  dry,  are  taken  to  the  kiln.  This  avoids  the 
use  of  the  blocker  and  elaborate  drying  ovens.  The  blocker  cannot  be 
used  where  slag  enters  the  mixture,  as  this,  when  fine,  acts  as  sand  and 
chokes  the  machine,  owing  to  its  not  being  plastic.  Hence,  no  sort  of 
pug-mill  can  be  used  with  slag.  This  point,  the  writer  has  established 
by  careful  trial.  The  common  method  of  burning  in  discontinuous  kilns 
is  wasteful  of  fuel  and  irregular  in  action ;  and  some  large  works  are 
using  various  forms  of  gas  kilns,  moulding  the  mixture  into  regolAr 
bricks  by  machinery  and  burning  them  as  fire-brick  are  burned,  only  at 
a  higher  temperature.  Such  is,  briefly,  the  method  by  which  the  most 
various  materials  may  be  converted  into  a  Portland  cement.  The  result- 
ant cement  will  be  in  all  cases  practically  the  same,  if  the  process  is 
carefully  conducted. 

The  cement,  as  it  comes  from  the  buhrs  or  millstones,  is  rarely  fit 
for  immediate  use,  differing  widely  in  this  respect  from  the  natural  ce- 
ment. The  material  must  be  allowed  to  air-slack,  or,  as  it  is  technically 
termed,  *'  cool."  This  process  demands  a  more  or  less  lengthy  ezposare 
to  the  air,  with  occasional  turning  over.  The  cement  changes  percepti- 
bly in  character,  becoming  finer  and  softer.  The  change  is,  partly  at 
least,  due  to  the  air-slacking  of  the  small  amount  of  free  lime  almost 
unavoidably  present  in  the  burned  clinker ;  but  there  are  other  changes 
less  simple  in  character  which  also  take  place,  by  which  the  strength  of 
the  cement  is  greatly  increased,  so  that  even  a  cement  that  apparently 
sets-up  strong  and  sound  when  fresh,  will  show  a  much  increased  strength 
if  kept  a  few  weeks.  Many  kilns  full  of  cement  will,  if  mixed  with 
water  when  quite  fresh,  crack  and  disintegrate  more  or  less,  or  "  blow  '^ 
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.  ^     as  it  is  termed,  bat  will  lose  this  very  dangerous  quality  entirely  if  kept 
|,  '^     sufficiently.    Pressure  of  orders  will  sometimes  cause  cement  to  be  sent 
'"  "^^     out  from  a  mill  too  early,  and  in  such  cases  much  damage  to  the  reputa- 
tion of  a  brand  may  be  done.    Cement  sometimes  swells  during  the  ■ 
process  of  slacking,  and  if  barreled  too  soon  may  burst  the  packages. 
This  process  of  *' cooling"  requires  exposure  to  air,  and  takes  place  only 
very  slowly ;  if  the  cement  is  kept  in  large  bins  three  or  four  feet  deep, 
^^  -       it  must  be  worked  over,  and  should  lie  not  over  two  feet  deep. 
^'tj-.  While  the  materials  for  making  cement  are  very  abundantly  dis- 

^^>-i  tributed,  it  is  very  possible  to  make  bad  cement  from  the  best  materials ; 
^  ^>:\  and  hence,  constant  care  and  watchfulness  are  requisite  to  prevent  this 
i:::-  accident.  Some  of  the  principal  ways  in  which  failure  may  occur  are 
•nx::       the  following : 

ixr  Errors  in  proportion  of  mixture.      An  '* over-limed"  cement,  in 

which  the  per  cent,  of  carbonate  of  lime  was  too  high  in  the  origiual 
mixture,  is  usually  very  heavy  and  hard.  It  sets  slowly,  and  shortly 
J:;;|.  after  setting  begins  to  crack  and  blow,  like  a  cement  too  fresh  for  use ; 
but  ageing  will  not  remedy  it,  in  case  the  mixture  was  badly  over-limed. 
An  over-clayed  cement,  in  which  the  alumina  and  silica  are  in  excess, 
will  set  quickly,  but  will  never  gain  much  strength,  and  is  liable  in 
|,^.^^        time  to  crumble  and  disintegrate. 

The  errors  in  proportion,  however,  are  more  easily  avoided  than 
those  of  manipulation.  A  cement  in  which  there  is  insufficient  fineness 
in  the  materials  may  have  the  evils  of  both  an  over-clayed  and  over- 
limed  article.  It  will  be  light,  set  quick,  have  no  strength,  and  crack 
to  pieces  subsequently.  The  same  faults  may  appear  if  the  cement  is 
'^'  under-burned.  .Over-burning  results  usually  in  a  very  slow-setting, 
heavy  cement,  which  may  have  little  strength,  and  will  be  long  in  slack- 
ing sufficiently  to  be  safe  to  use. 

If  the  proportions,  mixing,  and  burning  were  right,  the  cement, 
'^'  after  a  reasonable  time  for  air-slacking,  should,  when  mixed  to  a  stiff 

^  dough  with  water,  *'  set"  in  Irom  a  half-hour  to  two  hours,  so  that  it  can 

^  be  placed  under  water ;  and  when  so  submerged,  it  should  gradually  gain 

'^  hardness,  showing  no  tendency  to  crack,  swell,  or  shrink. 

^  The  fineness  to  which  cement  is  ground  is  of  the  utmost  consequence. 

^'  The  fact  is  clearly  established  by  Faija  and  others,  that  only  the  most 

'^  impalpable  powder  has  any  value  as  cement ;  that  if  a  given  cement  be 

^  sifted  through  a  sieve  of  5,000  holes  to  the  inch,  the  part  not  going 

f  through  the  sieve  will,  when  mixed  with  water,  have  absolutely  no  ce. 

'  ment  power,  though  the  finer  part  may  be  of  the  highest  grade,  and  the 

^  coarse  part  will  itself  yield  the  best  possible  cement  if  re-ground  to  a 

'  dust.    Hence,  the  coarser  parts  are  simply  like  so  much  sand,  and  dilute 
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the  cement  accordingly.  It  is  for  this  reason  that  millstones  are  so 
difficult  to  replace  by  other  and  less  expensive  grinding  machinery. 
They  produce  the  maximum  of  dust  for  a  given  degree  of  pulverization, 
and  it  is  the  dust  that  is  wanted.  The  finer  the  cement  is  ground,  the 
greater  the  amount  of  sand  it  will  carry,  and  as  this  determines  the 
cost  of  mortar  or  concrete,  a  fine  cement  is  worth  more  than  a  coarse 
one  in  money. 

Injurious  impurities  in  Portland  cement  may  destroy  its  value.  The 
principal  ones  are  sulphur  and  magnesia.  The  action  of  sulphur  is  to 
cause  in  time  a  disintegration  of  the  cement,  and  it  should  never  be 
present  in  cements  in  more  than  fractions  of  a  per-cent.  It  may  be  de- 
rived from  poor  material  carrying  pyrites,  or  from  the  fuel  used  in  burn- 
ing. A  coke  high  in  sulphur  will,  in  this  way,  ruin  cement.  The  use 
of  clay  will  tend,  to  some  extent,  to  keeping  this  impurity  low,  as  before 
mentioned ;  but  where  no  or  but  little  clay  enters  the  mixture,  the  coke 
must  be  most  carefully  looked  to.  Cement  containing  an  undue  amount 
of  sulphur  will  sometimes  turn  blue  on  setting  under  water  for  some 
time.  This  color  will  be  seen  in  the  interior  of  the  mass  on  breaking, 
while  the  surface  may  be  the  normal  color. 

Tesiimg  Cements. 

The  great  variety  of  purposes  to  which  cement  is  applied,  together 
with  the  number  of  kinds  of  cement  used,  makes  it  important  that  an 
intelligent  system  of  selecting  and  testing  be  employed. 

It  has  been  seen  that  there  are  two  groups  of  cements  which  are  in 
use,  those  that  are  quick-setting,  comprising  the  lighter-burned  natural 
cements,  like  Louisvill^^  or  Rosendale,  and  the  heavy  artificial  Portland 
cements,  slow-setting  and  very  strong  when  properly  made.  The  use 
of  each  kind  is  distinct,  acd  in  its  own  particular  field  cannot  usually 
be  replaced  by  the  other.  It  is  also  apparent  that  each  kind  is  liable  to 
be  faulty  at  times,  either  from  bad  materials  or  careless  manufacture. 
Now,  users  of  cement  must,  if  they  wish  to  be  secured  against  errors 
and  fraud,  test  in  some  way  the  value  of  the  material  they  use. 

Two  kinds  of  tests  are  needed,  and  these  two  are  distinct.  First, 
the  determination  of  whether  a  given  brand  or  grade  is  suitable.  The 
testing  of  a  new  cement  is  a  slow  process  and  must  extend  over  a  long 
time.  No  ordinary  short  series  of  tests  will  answer  definitely  the  ques- 
tion, ''  Is  it  a  good  cement?"  as  its  permanent  va  ue  will  only  appear 
after  having  the  test  of  time  and  exposure ;  but  where  a  cement  of  a 
given  brand,  having  a  good  reputation  is  used,  it  is  reasonable  to  infer 
that  if  it  is  of  the  average  quality  made  by  that  works,  or  from  the  same 
material,  it  will  be  as  safe  and  permanent  as  the  brand  is  known  to  be. 
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It  is  to  this  point  that  most  of  the  systems  of  testing  cement  are  directed. 
The  subject  of  testing  cement  was  investigated  by  a  special  committee 
of  the  American  Society  of  Civil  Engineers,  and  the  results  of  their 
experiments  embodied  in  a  report  on  a  uniform  method  of  cement  test- 
ing (Transactions  American  Socio tyjof  Civil  Engineers,  November,  1885). 

The  tests  recommended  are  for  fineness,  soundness,  or  freedom  from 
tendency  to  check  or  disintegrate,  and  tensile  strength  of  the  set 
cement.  As  before  stated,  the  fineness  is  the  measure  of  the  ability  to 
carry  sand.  This  is  determined  by  sifting  a  weighed  amount  of  the 
cement  through  a  sieve  of  standard  mesh.  The  committee  recommend 
three  sieves  of  2,600,  5,476  and  10,000  meshes  to  the  square-inch.  Fairly 
ground  cement  should  not  leave  more  than  five  to  ten  per  cent,  on  a 
2,500  mesh  sieve. 

The  test  for  soundness  is  to  make  a  pat  or  cake  of  the  cement  with 
water,  about  three  inches  in  diameter  and  half  an  inch  thick,  spread  out 
on  a  plate  of  glass  until  set,  and  then  put  in  water  and  examined  from 
time  to  time.  A  similar  cake  of  cement  should  be  set  in  air.  Neither 
must  develop  cracks  or  '^  checks. "  A  fresh  sample  of  cement  may  crack 
under  this  test,  as  has  been  seen,  and  yet  be  restored  to  soundness  by 
age.  This  checking  test,  in  the  case  of  known  brands,  is  valuable  to 
ascertain  whether  the  cement  is  too  new||for  use. 

The  test  for  tensile  strength  requires  more  machinery  for  its  appli- 
cation, but  many  efficient  fol*ms  of  cement  testers  are  on  the  market. 
There  is  great  difficulty  for  obtaining  uniform  tests  for  cement,  and  the 
tests  of  difierent  persons  will  vary  greatly.  Hence,  any  one  who  tests 
cement  should  begin  with  a  number  of  known  and  approved  kinds,  so 
as  to  establish  his  own  standards  of  comparison.  The  cement  is  tested 
either  "  neat ''  or  with  sand.  The  sand  (est  is  recommended  by  the 
Society  of  Engineers  in  addition  to  the  '^  neat  "  test,  but  Henry  Faija, 
in  his  book  on  '*'  Cement  Testing,  "  calls  attention  to  its  extreme  un- 
certainty, as  variations  in  sand  correspond  to  greater  differences  than 
variations  in  cements.  The  committee,  however,  propose  a  standard 
sand  to  obviate  this  difficulty. 

The  briquettes,  or  little  blocks  for  testing,  are  made  of  a  prescribed 
shape,  and  have  a  section  of  one  square-inch  at  the  breaking  point. 
The  cement,  being  mixed  rapidly  and  thoroughly  with  just  sufficient 
water  to  make  a  stiff  dough,  is  pressed  into  the  mould  and  allowed  to 
set.  When  hard  enough  to  remove,  it  is  covered  with  a  damp  cloth, 
and  after  twenty-four  hours,  set  in  water  for  six  days,  then  broken  in  a 
machine  which  registers  the  force  required  to  effect  rupture. 

American  and  foreign  Portland  cements  of  fair  quality,  tested  thus, 
will  give  from  250  to  600  pounds  per   square-inch,  seven  days  old. 
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Natural  cements  will  show  much  less — 60  to  100  lbs.  per  square  inch, 
as  before  stated,  being  th^ir  average  strength. 

The  testing  of  an  unknown  brand  would  require  a  much  longer 
time.  Tensile  strength  tests  after  twenty-eight  days,  or  even  longer, 
must  be  made,  as  there  are  faulty  cements  which  quickly  attain  a  high 
strength,  then  gain  no  more,  or  even  fall  ofif  in  strength,  or  disintegrate 
in  time.  Faija  states  that  a  cement  should  gain  an  increase  of  twenty- 
five  per  cent,  in  strength  at  the  end  of  twenty-eight  days  over  what  it 
has  at  seven  days.  Not  only  this  test  should  be  applied,  but  samples  of 
the  set  cement  shouLd,  after  seven  days,  be  set  out  in  the  air.  Some 
cements  will,  under  these  circumstances,  fall  to  powder  gradually,  and 
become  worthless.  Of  course,  this  comes  from  faulty  manufacture, 
probably,  in  the  case  of  artificial  cements,  from  over-claying  the  re- 
quired mixture. 

The  details  for  testing  the  tensile  strength  of  cement  are  fully 
elaborated  in  the  report  referred  to.  The  common  test  for  cement,  by 
which  a  mascn  estimates  its  quality,  are  of  little  value.  Mixing  it 
with  a  "mortar"  and  putting  it  on  a  brick  serves  to  compare  the 
cement  with  the  ordinary  kind  he  uses  as  to  speed  of  setting,  color,  etc., 
but  gives  no  safe  guide  to  an  opinion  of  its  real  strength.  In  fact,  many 
light  and  over-clayed  cements  yield  a  more  easily  worked  mortar  than 
the  true  Portlands. 

The  weight  and  color  of  cement  isa  popular  means  of  testing  it, 
but  the  indications  are  very  fallacious.  The  weight  of  an  artificial 
cement  is  due,  first,  to  the  extent  and  hardness  of  the  burning,  and 
second,  to  the  fineness  of  the  grinding,  the  finer,  the  lighter,  and  the 
lighter  burned,  the  lighter.  The  color  of  Portland  cement  depends 
partly  on  the  nature  and  partly  on  the  proportions  of  the  materials. 
Over-clayed  cements  are  usually  reddish  or  "  foxy,"  and  such  hues  may 
therefore  indicate  weakness.  The  proper  color  is  from  a  light  to  a  dark- 
gray,  with  a  rather  greenish  cast. 

In  this  short  sketch  of  the  nature,  sources,  and  preparation  of 
cements,  it  may  be  well  to  again  call  attention  to  the  many  advantages 
Ohio  possesses  as  a  place  of  manufacture  of  the  artificial  cements.  We 
have  numerous  limestones  which  cannot  be  exceeded  in  purity  as 
sources  of  carbonate  of  lime.  With  these  are  the  drift  and  bedded 
clays  of  every  variety,  and  furnace  slags,  slates  and  marls  of  all  grades. 
There  are  many  points  in  the  state  where  cements  of  excellent  grade 
could  be  cheaply  and  easily  manufactured.  A  small  works  at  Columbus 
is  at  present  trying  the  experiment  of  working  clay,  limestone  and 
slag.  While  connected  with  these  works  as  chemist,  it  became  the 
writer's  duty  to  experiment  on  the  difierent  materials  available ;  and 
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"vvrhile,  from  commercial  reasons,  the  supply  of  material  is  now  excln- 
sively  Columbus  limestone  and  the  plastic  clays  near  Logan,  in  Hock* 
ing  county,  during  the  investigation  excellent  Portland  cement  was 
made  from  the  drift  clays  of  various  points,  with  and  without  slag 
admixture.  There  are  better  limestones  to  be  had  in  the  state  than  the 
Gorniferous  used  in  Columbus,  which  has  a  considerable  amount  of 
gritty  silica.  At  South  Bend,  Indiana,  a  fine  Portland  is  now  made 
from  a  drift  clay  and  a  bed  of  shell  m^arl.  The  two  are  so  soft  as  to  be 
easily  incorporated,  almost  without  grinding,  and  burned  to  a  most 
excellent  ^'  clinker."  The  cement  is  largely  used  in  paving,  and  other 
work  requiring  good  Portland. 


J 
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gypsum:or  land-plaster  in  ohio. 
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DlSTBIBUTION. 

Land-plaster  or  gypsum  (sulphate  of  lime)  is  at  present  worked  in 
Ohio  at  but  a  single  locality,  viz.,  the  station  of  Qypsum,  Ottawa  county, 
on  the  Lake,  Shore  and  Michigan  Southern  Railway,  ten  miles  west  of 
Sandusky,  and  by  only  a  single  firm,  viz.,  Marsh  and  Company,  of 
Sandusky.    The  mineral  has  been  known  here  since  the  first  occupation 
of  the  country,  coming  to  view  in  the  rocky  floor  of  Sandusky  Bay,  im- 
mediately adjacent  to  which  the  quarries  are  located.    Not  more  than 
twenty -five  acres  have  been  already  worked  out,  and  there  is  probably 
as  much  more  territory  that  has  been  proved  to  contain  gypsum  in 
quantity  to  justify  working,  while  a  larger  acreage  to  which  no  thor- 
ough tests  have  yet  been  applied  may  be  reasonably  expected  to  hold 
valuable  deposits.     Most  of  the  proved  territory  is  included  in  the  two 
hundred  acres  that  Marsh  and  Company  own,  but  in  past  years  quite  a 
large  amount  has  been  taken  from  the  farm  adjoining  this,  upon  the  west. 
The  surface,  which  is  composed  of  the  usual  Drift  clays,  is. but  a  few  feet 
higher  than  the  waters  of  the  bay.    In  the  quarries  that  have  been  thus 
far  worked,  the  drift  has  been  very  shallow,  being  confined  mainly  to 
troughs  or  hollows  in  the^limestone,  the  results  of  earlier  erosion. 

Geological  Horizon. 

The  gypsum  of  the  locality  above  described  is  derived  from  the 
great  series  of  limestones  which  is  known  in  the  Ohio  scale  as  the  Lower 
Helderberg  or  Waterlime  formation.  This  series  is  much  the  largest 
single  division  of  limestones  in  the  state.  Its  maximum  thickness 
under  cover  does  not  fall  short  of  700  feet.  In  outcrop,  we  do  not  find 
more  than  100  feet  in  vertical  sections  which  can  be  connected  in  a 
eombined  section.    The  largest  measurements  of  this  sort  are  found  in 
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Highland  county^  near  Greenfield.  In  the  northern  part  of  the  state, 
there  are  frequently  found,  rising  from  under  the  drift  beds  that  cover 
and  obscure  all  of  the  bedded  rocks,  sections  of  a  few  feet  of  the  Water- 
lime  series,  but  it  has  not  been  possible  hitherto  to  combine  these 
isolated  sections  in  any  way  so  as  to  show  the  entire  thickness  of  strata 
represented  by  them.  The  breadth  of  country  occupied  by  the  forma- 
tion, however,  is  good  enough  proof  that  it  has  a  thickness  as  great  at 
Isast  as  that  claimed  for  it  above. 

Oypsum  appears  to  be  distributed  at  frequent  intervals  throughout 
this  series  in  this  particular  portion  of  the  state.  In  the  deep  well 
drilled  in  1886  at  Sandusky,  a  bed  nine  feet  in  thickness  was  reported 
by  the  driller  at  a  depth  of  272  feet,  or  about  150  feet  below  the  base  of 
the  Corniierous  limestone.  It  was  also  reported  in  smaller  amount  at 
many  other  points  in  the  next  800  feet  of  rook  passed  by  the  drill.  It 
is,  however,  possible  that  the  gypsum  which  actually  occurs  in  the  drill- 
ings from  a  considerable  number  of  points  in  the  descent  may  have 
been,  in  part,  at  least,  derived  from  the  highest  deposits  by  the  action 
of  the  rope  and  the  passage-of  the  tools  in  drilling. 

At  Port  Clinton,  also,  three  miles  to  the  westward,  gypsum  was 
found  at  various  points  from  90  to  190  feet  below  the  surface.  These 
deposits  are  deeply  buried  at  the  quarries  now  under  discussion  and 
must  be  correlated  with  some  of  the  lower  beds  at  Sandusky,  already 
reported. 

The  former  reference  of  the  gypsum  of  the  quarries  to  the  Salina 
group  must  be  abandoned.  Twenty-five  miles  west  of  this  locality,  viz., 
at  Genoa,  the  Waterlime  is  found  resting  directly  upon  the  Guelph  beds 
of  the  Niagara.  It  carries  here  its  most  characteristic  fossil,  viz.,  Leper- 
ditia  cUta,  It  is  400  feet  or  .more  above  this  horizon  that  the  gypsum 
beds  are  found. 

The  assignment  of  these  gypsum  beds  to  the  Lower  Helderberg  series 
is  rendered  much  less  revolutionary  than  it  would  have  been  thought  to 
be  a  few  years  since,  by  the  discovery  that  some  of  the  important  plaster 
quarries  of  central  New  York  are  to  be  referred  to  this  same  series. 
This  discovery  was  made  by  Professor  S.  G.  Williams,  and  is  recorded  by 
him  in  the  American  Journal  of  Science,  September,  1886. 

At  various  other  points,  gypsum  is  found  in  the  outcrops  of  the 
formation,  and  notably  in  the  vicinity  of  Sylvania,  Lucas  county,  while 
in  the  deep  wells  recently  drilled  through  northern  and  central  Ohio,  it 
is  the  exception  to  miss  deposits  of  gypsum  in  the  samples  of  drillings. 
The  last  case  reported  is  three  feet  of  pure  fibrous  gypsum  from  a  depth 
of  150  feet  at  Upper  Sandusky. 
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Mode  of  Occurrxncb  and  Origin* 
The  plaster  beds  occur  in  the  following  sections,  viz. : 

Drift  clays ISJ-U  feet. 

(Level  of  bay,  eight  feet  helow  snrface.) 

No.  1.    Gray  rock,  carrying  land  plaster.. 5  feet. 

Bine  shale i  foot. 

No.  2.    Bowlder  bed  carrying  gypsum  in  separate  masses  im- 

beded  in  shaly  limestones.. 6  feet. 

Bine  limestone,  in  thin  and  even  courses.. 1  foot. 

No.  3.    Main  plaster  bed r 7  feet. 

Gray  limestone,  in  thin  courses 1  foot. 

.No.  4.    Lowest  plaster  bed,  variable 8-6  feet 

Mixed  limestone  and  plaster,  bottom  of  quarry.    Water  enters  here  in  quantity. 

The  beds  are  not  even  and  horizontal,  but  are  found  in  waves  or 
rolls,  the  summits  of  which  rise  five  to  eight  feet  above  the  general  level. 

Sections  like  the  one  here  given  will  yield  50,000  tons  of  plaster  to 
the  acre. 

The  bed  marked  No.  1  in  the  section,  is  a  mixed  deposit  of  shale 
and  plaster  that  has  hitherto  been  rejected,  but  which  has  recently  been 
found  fully  available  for  grinding  into  a  dark-colored  land-plaster.  It 
has  been  lost  by  erosion  in  much  of  the  territory  already  worked,  and  is 
not  commonly  counted  among  the  valuable  resources  of  the  quarries. 

No.  2  is  one  of  the  most  interesting  divisions  of  the  section.  Scat- 
tered through  the  calcareous  shales,  balls  of  gypsum,  concretionary  in 
form  and  probable  character,  varying  in  diameter  from  six  to  twenty- 
four  inches  occur.  For  a  long  while  it  was  thought  that  they  were  of 
inferior  value,  and  they  were  ground  into  land- plaster,  but  recently  it 
has  been  found  that  the  purest  product  of  the  quarries  can  be  derived 
from  these  same  plaster  balls.  The  gypsum  yielded  by  them  when  they 
have  been  carefully  freed  from  their  shaly  envelopes,  proves  to  be  of  the 
whitest  and  purest  sort  such  as  is  used  as  terra  alba. 

But  the  division  marked  No.  4  is  the  main  reliance  of  the  quarries. 
It  is  from  this  that  the  chief  supply  of  plaster  for  calcination  is  derived 
The  gray  rock  by  which  it  is  separated  from  the  overlying  section,  is  an 
even-bedded  limestone  of  the  most  characteristic  Lower  Helderberg  type. 
It  contains  a  considerable  percentage  of  gypsum  distributed  through  the 
rock,  as  is  shown  in  the  following  analysis :    (Lord.) 

Carbonate  of  lime 84J80 

Carbonate  of  magnesia 28.49 

Sulphate  of  lime 87.76 

Alumina  and  oxide  of  iron 121 

SiUca 0.81 

Water,  not  determined.; ! ^ 

Total 91.»7 
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A  rock  of  this  character  will  make  an  excellent  fertilizer  for  many 
soils,  but  it  would  not  be  profitable  to  grind  it  here  where  the  better 
grades  are  equally  available. 

The  composition  (in  part)  of  the  blue  limestone  that  is  found  between 
diyisions  two  and  three  (No.  1),  and  of  the  shaly  envelope  by  which  the 
plaster  bowlders  are  covered  (No.  2)  are  also  given  herewith.  They  are 
constituted  as  follows :     {Lord.) 


Carbonate  of  lime 

Carbonate  of  magnesia.. 
Bilica 


A  careful  search  was  made  for  fossils  in  the  limestones  that  include 
the  plaster  beds,  but  none  were  found.  The  conditions  would  necessarily 
be  unfavorable  to  all  forms  of  life,  where  beds  of  gypsum  were  in  process 
of  formation. 

As  to  the  origin  of  these  accumulations  through  northern  Ohio,  all 
the  facts  point  to  deposit  from  a  shallow,  land-locked  and  contracting 
sea  during  the  Lowes  Helderberg  period.  The  first  deposit  from  such  a 
sea,  undergoing  concentration,  is  sulphate  of  lime,  either  in  the  form  of 
gypsum  or  anhydrite.  The  latter  form  is  very  often  found  in  connec- 
tion with  beds  of  rock  salt,  immediately  underlying  them  as  a  general 
rule.  At  only  one  point  in  northern  Ohio,  have  beds  of  rock  salt  been 
reported  in  this  series,  viz.,  at  Newburg,  near  Cleveland.  The  facts  per- 
taining to  the  salt  discoveries  there  are  given  on  page  362. 

The  shallowness  of  the  sea  in  this  period  is  well  established  by  the 
sun-cracks  and  wave-marks  that  are  so  conspicuously  shown  in  the  rocks 
that -represent  it  throughout  their  outcrops  in  this  part  of  the  state. 
That  the  sea  must  have  been  land-locked  or  cut  off  from  free  communi- 
cation with  the  main  ocean  is  also  an  obvious  deduction  from  the  con- 
centration of  the  sea-water  that  went  forward. 

The  facts  pertaining  to  the  gypsum  deposits  now  under  considera- 
tion were  given  by  Newberry,  Qeol.  of  Ohio,  Vol.  II,  page  135,  and  valid 
conclusions  were  drawn  by  him  as  to  the  mode  of  origin  of  these  depos- 
its. He  urged  the  views  presented  on  the  previous  page,  and  showed 
the  unsatisfactory  nature  of  the  alternative  explanation,  viz.,  that  beds 
of  gypsum  are  due  to  the  action  of  the  waters  of  acid  springs  on  beds  of 
carbonate  of  lime.  The  wide-spread  discoveries  of  deposits  similar  to 
those  of  Ottawa  county  in  the  deep  wells  that  have  been  drilled  in 
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such  numbers  throughout  northern  Ohio  during  the  last  three  years. 
reinforce  and  sustain  this  view  in  a  very  effective  way.  The  acid-spring 
theory,  no  one  would  be  bold  enough  to  urge  as  an  explanation  of  de- 
posits that  are  measurably  continuous  over  thousands  of  square  milefi  (A 
territory. 

Composition  and  Uses. 

The  gypsum  produced  by  the  quarries  now  under  consideration  is 
devoted  to  two  main  uses,  viz.,  calcined  plaster  or  stucco,  and  land-plas- 
ter. About  forty  per  cent,  goes  to  the  first  product,  and  sixty  per  cent, 
to  the  latter.  The  total  value  of  the  calcined  plaster  considerably  ex- 
ceeds, however,  that  of  the  land-plaster.  Under  this  latter  division,  the 
dental  plaster,  the  glass-works  planter,  and  also  the  terra  aJba  of  the 
works  is  counted. 

The  calcined  plaster  of  Marsh  &  Co.'s  production  is  recognized  in 
the  markets  as  of  great  excellence  and  purity.  Its  reputation  is  fully 
sustained  by  the  following  analysis,  made  from  an  average  sample  of 
the  output  of  the  quarry  :    {Lord,) 

Lime 82.62 

Sulphuric  acid 46.66 

Water 20.14 

Magnesia : 0.66 

Alumina 0.16 

Insolable  residae 068 

Total ; 99.62 

The  best  stone  of  the  quarry  goes  into  this  division.  All  that  is 
streaked  with  shale  or  from  any  cause  '*off  color,"  is  turned  into  land- 
plaster.  Into  this  division  is  also  put  all  the  surface  stone  which  is 
known  as  "  rotten  plaster."  The  latter  is  somewhat  stained  by  surface 
infiltration,  but  chemical  analysis  shows  that  it  has  lost  nothing  of  value. 
The  figures  are  as  follows :     {Lord.) 

Lime 32.76 

Sulphuric  acid 46.20 

Water 20.00 

Magnesia 0.08 

Alumina 0J» 

Insolable  residae 0.46 

Total 99.74 

Evidently  the  san\ple  tested  belongs  to  the  best  product  of  the 
quarry. 

The  analysis  of  the  land-plaster  in  like  manner  shows  the  great 
excellence  of  the  entire  product  of  the  quarries,  and  the  slight  dififer- 
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ences  that  separate  the  two  diyisionB  which  are  made  of  it.    It  is  as 
follows :    (Lard.) 

lime^ ^ ^ 88.86 

Sulphuric  acid  ^  4688 

Water^ 19.70 

Magnesia 0.64 

Alumina. 0.60 

Insoluble  residue 0.91 

Total 100.48 

A  small  amoant  of  the  purest  stone,  and  mainly  derived  from  the 
bowlders  previously  describeci,  is  supposed  by  the  manufacturers  to  be 
used  as  terra  alba.  The  main  applications  of  this  form  of  gypsum  are 
in  mischievous  adulterations.  The  calcined  plaster  reaches  the  general 
markets  of  the  country  as  far  east  as  Pittsburgh  and  Bufialo,  and  to  the 
southward  indefinitely.  The  land-plaster  is  largely  used  in  Michigan. 
Ohio  farmers  have  been  slow  to  avail  themselves  of  this  excellent  fer- 
tilizer. About  6,000  tons  are  used  annually  by  glass  manufacturers. 
The  production  of  these  quarries  is  specially  adapted  to  this  demand. 

Production. 

The  production  of  the  quarries  and  works  for  the  last  few  years  are 
shown  in  the  following  table : 


1881.. 
1882.. 
1888. 
1884.. 
1886. 
1886. 
1887. 


GaJcined  pltster. 


n 


B»-i-  j  %Tr 


12,409 
16,888 
20,919 
20,807 
8,686 
21,266 
21,981 


$1  66 
1  46 
1  41 
1  88 
1  81 
1  29 
1  28 


Total 
value. 


$19,234 
24,666 
29,496 
28,024 
11,879 
27.420 
28,186 


Land-plaster. 


Short 
tons. 


8,706 
4,404 
4,678 
4,217 
4,088 
4,186 
4,098 


Average 
price. 


$4  86 

4  38 
4  16 
409 
403 
3  87 
8  87 


Tota] 
value. 


$16,117 
19,069 
19,414 
17,248 
16,278 
16,200 
16,860 


The  works  are  now  in  excellent  condition,  having  been  rebuilt  in 
1885.  (This  fact  accounts  for  the  small  production  of  that  year).  The 
mills  were  previously  located  at  the  railroad,  nearly  a  mile  distant 
from  the  quarries,  and  large  expense  was  incurred  in  hauling  the  stone 
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to  the  mills,  but  now  a  railroad  switch  runs  in  to  the  quarries  and 
excellent  facilities  for  hauling  the  stock  and  loading  th«  product  have 
been  secured. 

The  works  will  allow  an  easy  expansion  to  meet  an  enlarging^  de- 
mand. There  is  enough  proved  gypsum  to  keep  the  mill  in  operation 
for  a  considerable  term  of  years,  and  there  is  good  reason  to  believe  that 
when  proper  exploration  shall  be  undertaken,  large  accessions  iv^ill  be 
made  to  the  acreage  already  known. 

An  attempt  was  made  by  Marsh  &  Co.,  in  1886,  to  introduce  the 
roller  process  for  grinding  the  rock,  but  the  experiment  proved  imsuc- 
cessful,  and  a  return  was  made  to  the  time*honored  method. 

The  water  that  fills  the  quarries  to  the  lake-level,  unless  kept  down 
by  the  pump,  is  a  strong  sulphur  water,  carrying  a  notable  quantity  of 
sulphuretted  hydrogen.  The  source  of  this  product  is  probably  to  be 
found  in  decompositions  of  the  gypsum  of  the  rocks  through  organic 
matter  carried  downwards  by  surface  waters.  Such  an  origin  is  poa- 
sible,  at  least.  The  oxidation  of  the  sulphuretted  hydrogen  gives  rise  to 
sulphuric  acid  which  produces  an  acid  re-action  in  the  water,  rendering 
it  unfit  for  boiler  use. 


THE  PRODUCTION  OP  LIME  IN  OHIO. 


Bt  Ejdwabd  Obton. 


The  production  of  lime  is  an  important  and  growing  interest  in 
Ohio.  Lime  is  burned  in  the  large  way,  and  generally  for  railroad  or 
lake  shipment,  from  stone  quarried  on  the  spot,  in  the  following  coun- 
ties of  the  state.      The  enumeration  is  begun  in  the  southwestern 


quarter : 

Highland, 

Shelby. 

Wood, 

Clinton, 

Franklin, 

Lucas, 

Greene, 

Delaware, 

Van  Wert, 

Montgomery, 

Marion, 

Sandusky, 

Preble, 

Hancock, 

Ottawa, 

Miami, 

Seneca, 

Erie. 

Clarke, 

Wyandot, 

To  this  list  Cuyahoga  county  may  be  added,  as  a  large  amount  of 
lime  is  burned  here  from  stone  brought  in  by  the  lake  from  Marblehead 
and  Kelley's  Island. 

In  twenty  or  more  other  counties,  lime  is  burned  for  local  use  or 
even  for  occasional  shipment,  but  there  are  no  important  centers  of  pro- 
duction within  them  at  the  present  time.  In  several  of  the  counties  in 
this  last  group,  the  conditions  for  a  large  production  are  found,  so  far  as 
limestone  of  desirable  quality  is  concerned,  but  they  do  not  command 
equal  advantages  with  the  counties  of  the  first  list  in  the  matter  of 
transportation  and  markets. 

All  of  the  large  production  comes  from  the  western  half  of  the 
state.  In  forty-two  out  of  fifty  counties  that  make  up  western  Ohio 
there  are  limestone  quarries  available  from  which  lime  of  greater  or  less 
excellence  can  be  produced. 

I.    Geolooioal  Horizons. 

To  name  the  several  geological  formations  from  which  lime  is  or 
oan  be  burned  in  Ohio,  requires  the  enumeration  of  almost  all  the  ele- 


704  OSOLOOY   OF  OHIO. 

mentB  of  our  scale.    A  brief  review  of  the  possible  sources  of  our  supply 
will  find  place  here,  beginning  with  the  lowest  and  oldest: 

The  Hudson  River  Oroup, 

This  is,  practically,  the  lowest  formation  that  comes  to  the  surfaoe 
in  the  state.    There  is  a  single  small  outcrop  of  the  Trenton  limestoiiie 
at  Point  Pleasant,  and  the  horizon  of  the  Utica  shale  is  uncovered  at    & 
number  of  localities  in  the  deepest  valleys  of  southwestern  Ohio,  but  ±£ 
this  formation  is  not  entirely  lost  here  by  overlap,  it  has  at  least  been 
so  changed  from  its  typical  character  and  so  closely  assimilated  to  the 
Hudson  River  series  that  it  is  scarcely  worth  while  to  attempt  to  disen- 
tangle it  from  the  latter. 

The  Hudson  River  group  consists  of  alternating  layers  of  limestone 
and  shale,  the  relative  proportions  of  which  substances  vary  greatly  in 
different  parts  of  the  series.  The  beds  of  limestone  are  available  for 
the  manufacture  of  lime,  but  the  quality  of  the  product  is  not  satisfac- 
tory for  any  but  the  coarsest  uses,  as  in  foundations  and  road  masonry. 
The  limestone  when  free  from  the  shale  contains  about  ninety  per  cent, 
of  carbonate  of  lime.  The  percentage  of  magnesia  is  small,  but  alumina 
and  oxide  of  iron  occur  in  proportions  large  enough  to  make  a  dark 
lime.  This  last  fact  is  a  chief  objection  to  the  lime  of  this  formation. 
Its  cementing  power  is  good,  and  the  clay  that  goes  with  the  stone  when 
burned  fresh  from  the  quarries  doubtless  confers  on  the  calcined  product 
hydraulic  quality  in  addition  to  that  of  common  mortar,  but  the  product 
is  too  dark  to  allow  it  to  be  used  with  approval  in  brick-work  or  in 
plastering.  For  the  coarser  uses,  however,  as  already  stated,  this  *^  blue 
limestone"  lime  is  much  valued.  1 1  is  claimed  that  it  makes  a  more 
solid  and  durable  foundation,  especially  in  damp  locations,  than  much 
of  the  white  lime.    The  claim  is  very  likely  a  just  one* 

The  composition  of  the  stone  in  its  best  phases  is  seen  in  the  ac- 
companying analysis :     (  Wormley.) 

,  Carbonate  of  lime 91.60 

Carbonate  of  magnesia.. 5.06 

These  figures,  however,  represent  but  little  of  the  limestone  of  the 
series.  The  impurities  generally  constitute  not  less  than  eight  to  ten 
per  cent,  of  the  rock. 

Lime  production  from  this  series  of  limestones  is  not  at  present  of 
any  large  importance,  and  it  does  not  appear  likely  to  become  more  so. 
The  stone  is  harder  to  burn  than  those  that  yield  the  white  limes,  and 
the  cost  is  on  this  account  increased,  while  at  the  same  time  the  quality 
is  much  less  desirable. 
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The  Clinton  Limestone. 

The  Clinton  limestone  is  not  the  source  of  a  large  production,  but 
there  are  a  few  counties  in  which  it  is  now  manufactured  into  a  lime  of 
great  excellence.  Its  general  composition  is  indicated  in  the  following 
figures :    (  WormleyJ) 

Garbonateof  lime 84.40 

Carbonate  of  magnesia 12.96 

Alumina  and  oxide  of  iron 0.90 

gilidoos  matter 1.60 

Total 99.78 

At  a  few  points  in  its  outcrops,  however,  it  leaves  these  proportions 
far  behind  and  becomes  the  purest  limestone  that'  occurs  in  Ohio.  In 
fact,  no  purer  carbonate  of  lime  is  found  anywhere,  in  the  large  way^ 
than  that  which  the  best  phases  of  this  formation  supply. 

The  Niagara  Limestone. 

In  this  complex  series,  there  are  several  subordinate  horizons  of 
lime. 

The  Dayton  stone,  the  place  of  which  is  at  the  very  bottom  of  the 
Niagara  shale,  is  a  limestone  of  substantially  the  same  composition  as 
that  last  reported,  averaging  about  eighty-five  to  ninety  per  cent,  of  car- 
bonate of  lime,  and  five  to  ten  per  cent,  of  carbonate  of  magnesia.  It 
was  burned  for  lime  on  quite  a  large  scale  in  the  early  days  of  the  coun- 
try, but  no  account  whatever  is  taken  of  it  for  this  purpose  at  the  present 
time. 

The  series  of  even  beds  that  occur  directly  above  the  Niagara  shale 
and  that  make  the  chief  reliance  of  the  formation  for  building-stone, 
are  impure  magnesian  limestones,  selected  portions  of  which  yield  an 
excellent  hydraulic  lime.    They  are  never  used  in  lime  production* 

The  upper  division  of  the  Niagara  group,  which  is  known  as  the 
Guelph  or  the  Cedarville  division,  is  one  of  the  three  great  sources  of 
lime  in  Ohio.  This  division,  throughout  its  whole  extent,  which 
reaches  a  maximum  thickness  of  300  feet,  is  in  most  parts  of  the  state 
a  dolomite  or  magnesian  limestone  of  great  purity  and  excellence.  The 
following  figures  indicate  its  composition  throughout  its  outcrops  in 
southern  Ohio.  They  are  derived  from  an  analysis  of  the  best  phase  of 
the  Springfield  limestone:    {Wormley.) 

45         G. 
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Carbonate  of  lime 66.10 

Carbonate  of  magnesia — ....  48j06 

Alaminaand  oxide  of  iron^ 1.70 

SiliciooB  matter 0.10 

Total 99.96 

Thefcompoeition  of  the  formation  in  northern  Ohio  is  eqaally  pare, 
as  appears  from  the  analyses  of  Lord,  to  be  found  on  later  pages  of  this 
chapter.  A  single  one,  that  of  a  sample  from  Oenoa,  Ottawa  coanty, 
is  given  here  as  fairly  representative  of  a  large  number : 

Carbonate  of  lime 66iS0 

Carbonate  of  magneda 48.67 

Alnmina  and  ozide]of  iron «    0.43 

Silicioas  matter OStS 

Total « 99.96 

The  WcUerlime  or  Lower  Hdierberg^ 

In  this  formation,  a  large  amount  of  stone  is  found  that  exactly 
agrees  with  the  series  last  described.  This  phase  occurs  both  in  northern 
and  southern  Ohio.  No  analyses  are  needed  to  illustrate  this  statement 
The  figures  that  indicate  the  results  of  analysis  are  indistinguishable 
from  those  that  are  derived  from  analyses  of  the  Guelph.  The  stone  of 
this  character  becomes  the  second  of  the  main  sources  of  Ohio  limes. 
When  the  formation  is  not  more  than  100  feet  thick,  the  whole  of  it  is 
likely  to  have  the  composition  above  indicated.  The  lower  beds,  in 
particular,  are  quite  sure  to  agree  with  the  Niagara  beds  upon  which 
they  rest. 

A  large  part  of  the  formation,  however,  differs  very  widely  from  the 
description  given  above.  Through  the  northwestern  quarter  of  the 
state,  and  particularly  in  Hardin,  Allen,  and  parts  of  Hancock  coun- 
ties, the  formation  consists  of  a  dark  and  hard  phase  of  the  rock  that 
carries  along  with  the  dolomite  that  is  its  main  constituent,  a  notable 
percentage  of  alumina,  iron  and  silica. 

The  Upper  Helderberg  Limestone. 

This  important  stratum,  which  is  commonly  known  as  the  Cornif- 
erous  limestone,  is  the  third  of  the  main  sources  of  lime  in  Ohio.  Lime 
is  manufactured  from  it  at  Columbus,  Marion,  Sandusky,  Marblehead 
and  Kelley's  Island.  The  stratum  contains  several  subdivisions  that 
differ  from  one  another  in  chemical  composition,  growing  progressively 
richer  in  lime  as  they  ascend  in  the  scale.  The  lower  courses  are  mag- 
nesian  limestones,  not  very  different  from  the  Lower  Helderberg,  on 
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which  they  rest.  The  central  divipion  of  the  formation  is  represented 
by  the  following  figures.  (Lord.)  The  composition  of  the  lower  beds  of 
the  Kelley's  Island  quarries  is  given  herewith : 

Carbonate  of  lime 77.22 

Carbonate  of  magnesia ^ 2019 

Alamina  and  oxide  of  iron t 0.14 

SiliciouB  matter 1.66 

ToUl 99.20 

This  general  order  is  maintained  throughout  all  the  exposures  of 
the  limestone  in  the  state. 

The  Sub'Carboniferovs  Limestone, 

The  formations  already  named  furnish  all  of  the  large  supplies  of 
lime  in  Ohio,  but  local  additions  are  made  from  various  other  horizons. 
The  Ohio  shale  yields  no  lime  whatever,  nor  does  the  Waverly  series 
proper,  but  a  small  supply  is  obtained  from  the  Sub-Carboniferous  lime- 
stone, which  lies  at  the  summit  of  the  Sub  Carboniferous  rocks  of  the 
state.  The  lime  obtained  from  this  stratum  is  quite  variable  in  compo- 
sition, but  it  is  never  dolomitic  in  character.  It  ranges  in  composition 
from  seventy-five  to  ninety-two  per  cent,  of  lim«  and  carries  compara- 
tively little  magnesia,  but  the  silicious  and  other  impurities  are  ex- 
tremely variable,  and  often  occur  in  large  amount.  The  lime  production 
from  this  horizon  nowhere  possesses  anything  more  than  local  import- 
ance, and  indeed  it  has  but  little  even  of  this. 

The  Coal  Measures, 

In  this  gr^at  and  varied  series,  as  is  well  known,  a  considerable 
number  of  persistent  but  generally  thin  limestones  are  found.  A  few 
of  these  possess  a  fair  degree  of  purity  as  limestones,  but  the  most  of 
them  carry  iron,  alcomina  and  silica  in  such  large  amount  as  to  utterly 
unfit  them  for  lime  production.  They  furnish  natural  cements  instead, 
and  have  been  used  to  a  small  extent  for  this  purpose. 

At  various  points,  however,  in  the  wide  distribution  of  all  of  these 
severifl  beds,  a  higher  degree  of  purity  than  ordinary  is  found,  and  these 
phases  are  found  adapted  to  furnace  fiux  and  lime  production. 

The  limestones  of  the  Mercer,  the  Ferriferous  and  the  Freeport 
horizons,  the  Cambridge,  Crinoidal  and  Pittsburgh  limestones,  and  the 
numerous  unsteady  sheets  of  the  uppermost  portions  of  the  series  are 
all  occasionally  turned  to  account  for  one  or  both  of  the  purposes  named. 
The  Ferriferous  limestone   proper  is  by  far  the  most  valuable  of  the 
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whole  series.  Throughout  a  number  of  counties  in  Southern  Ohio  it& 
character  is  uniformly  good,  and  it  has  been  the  main  reliance  for 
furnace  flux  of  an  important  iron  manufacture  established  here  for  a 
long  term  of  years.  It  is,  of  course,  equally  available  for  lime  produc- 
tion.   It  carries  not  less  than  ninety  per  cent,  of  carbonate  of  lime. 

The  limestones  of  the  Coal  Measures  are  all  of  the  same  general 
character,  barring  the  impurities  that  they  contain.  The  percentage  of 
carbonate  of  magnesia  in  them  rarely  rises  above  fifteen  per  cent.,  aad 
never  reaches  dolomitic  proportions. 

The  Drift. 

The  important  series  of  deposits  that  compose  the  drift  beds  of  the 
state  carry  a  large  amount  of  limestone  in  the  shape  of  bowlders  and 
gravel.  This  is  especially  true  in  the  western  half  of  the  state.  Where 
streams  have  washed  away  heavy  banks  of  bowlder  clay,  or  where  gravel 
deposits  are  worked  on  a  large  scale,  accumulations  of  limestone  blocks 
derived  from  all  the  series  to  the  north  of  the  regions  where  they  are 
found,  are  frequently  burned  in  a  small  way  as  sources  of  lime.  The 
lime  produced  in  this  way  is  not  likely  to  be  homogeneous  in  character, 
on  account  of  the  varied  horizons  from  which  the  bowlders  are  derived. 
It  sometimes  happens  that  the  burning  is  done  entirely  beyond  the  oat- 
crop  of  the  limestone  formations,  the  gravel  having  been  ew3pi  in  over 
the  Ohio  Shales,  the  Waverly  Group,  or  the  Lower  Coal  Measures. 

II.    Kinds  op  Lime. 

In  the  review  that  has  now  been  made  of  the  several  sources  of  lime 
in  Ohio,  it  is  seen  that  limestones  of  various  composition  are  used  in 
the  production  at  the  present  time.  It  is  further  seen  that  by  far  the 
larger  part  of  our  limes  is  derived  from  dolomites  or  double  carbonates 
of  lime  and  magnesia,  the  approximate  proportions  of  which  substances 
are  respectively  fifty-four  and  forty- four  per  cent.  The  smaller  section 
includes  the  limes  that  are  made  from  stone  containing  sixty-five  to 
ninety  five  per  cent,  of  carbonate  of  lime  and  five  to  thirty  per  cent,  of 
carbonate  of  magnesia.  The  higher  the  proportion  of  the  former  ele- 
ment, the  more  characteristic  is  the  product.  The  qualities  of  the  limes 
produced  from  these  two  main  divisions  are  well  marked,  and  in  several 
particulars  are  f^harply  contrapted.  In  describing  them,  these  divisions 
will  be  known  as  the  magneaian  or  dolomitic  limes  and  the  calcareous  limes. 
The  latter  designation  is  objectionable  on  the  score  of  tautology,  inas- 
much as  calcareous  means  made  of  limcj  but  no  other  single  word  is  at 
hand  that  will  indicate  the  composition  of  this  section,  and  it  seems 
desirable  to  avoid  a  compound  term,  if  possible.    Even  if   willing  to 
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employ  a  compound  name,  what  deeignation  can  be  suggested  that  will 
be  at  once  characteristic  and  appropriate  ?  We  cannot  properly  call 
the  limes  of  this  class  true  limes,  for  this  would  imply  that  all  other  limes 
are  false.  We  cannot  call  them  pure  limea^  because  they  do  not  come  up 
to  the  claim  embodied  in  such  a  term.  They  are  quite  as  likely  to  be  im- 
pure as  the  limes  of  the  other  main  division.  For  want  of  a  better  term, 
therefore,  the  division  in  question  will  be  named  as  indicated  above. 

It  will  be  borne  in  mind  that  a  wide  range  in  composition  is  in- 
cluded in  the  calcareous  division,  the  percentage  of  lime  varying  from 
sixty-five  to  ninety-five  per  cent.  So  wide  a  range  in  composition  must 
necessarily  be  accompanied  by  a  considerable  range  in  the  quality  of 
the  limes  produced.  In  describing  the  character  of  the  limes  made  from 
the  formations  of  this  group,  however,  only  the  highest  grade  will  be 
considered,  viz.«  that  in  which  the  carbonate  of  lime  equals  or  exceeds 
eighty-five  per  cent,  of  the  weight  of  the  stone.  The  statements  made 
in  regard  to  this  grade  will  require  to  be  considerably  modified  before 
they  can  be  applied  to  the  limes  from  the  other  extremity  of  the  di- 
vision, As  the  carbonate  of  magnesia  increases,  the  lime  produced  ap- 
proaches in  quality  the  lime  of  the  other  main  division.  This  is  the 
same  as  saying  that  two  divisions  are  not  enough  to  include  all  of  the 
limes  produced  in  the  state. 

The  truth  is  that  no  adequate  and  thorough  examination  of  limes, 
embracing  both  the  scientific  and  practical  facts  pertaining  to  them, 
has  yet  been  made,  or  if  made,  has  not  been  put  on  record.  The  best 
treatises  that  have  been  published  on  the  subject  fail  to  consider,  much 
less  to  account  for,  some  of  the  most  common  and  important  facts  of  ob- 
servation pertaining  to  Ohio  limes. 

It  is  greatly  to  be  desired  that  a  thorough  study  of  the  subject  shall 
be  undertaken.  Such  a  study  will  embrace  the  chemical  and  physical 
characters  of  the  rocks  from  which  the  lime  is  made,  the  modes  of  burn- 
ing, the  behavior  of  the  lime  in  slacking  and  in  use,  its  '^strength,"  as 
measured  by  the  sand  that  it  can  carry,  and  also  by  the  hardness  of  the 
bond  into  which  it  sets,  and  also  its  durability,  involving  all  of  its  be- 
havior as  it  acquires  age.  Each  of  these  topics  needs  to  be  studied  from 
both  a  scientific  and  practical  stand-point.  As  it  is,  we  are  unable  to 
answer  even  the  questions  of  fundamental  importance  in  regard  to  our 
limes. 

The  two  groups  of  limes  already  named,  and  partially  distinguished, 
are  in  active  competition  in  the  state  at  the  present  time,  and  each 
claims  for  itself  decided  advantages  over  its  competitor.  Both  cannot 
be  right  in  their  claims,  but  there  has  never  yet  been  any  authoritative 
decision  of  the  questions  at  issue.    What  these  questions  are  will  pres- 
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ently  appear.  The  characteristics  of  the  two  groups  will  be  briefly 
presented.  Many  of  the  facts  pertaining  to  them  have  been  stated  in 
previous  publications  of  the  Sjirvey,  and  particularly  in  Vol.  I,  pa^e 
476,  et  seq. 

a.  The  Calcareous  Division, 

The  limes  of  this  division,  as  above  limited,  are  classed  as  hot^  strcng^ 
fat,  rich,  quick-dakifig,  and  also  quick-seUing  limes.  Their  leading  charac- 
teristics are  indicated  in  these  descriptive  terms. 

.  They  are  called  ?u)t  because  of  the  high  temperature  produced  in  the 
process  of  slaking.  Heat  enough  to  set  fire  to  wood  is  easily  evolved  in 
the  operation.  The  elevation  of  temperature  is  connected  with  the 
rapidity  of  the  process.  The  mortar  made  from  the  lime  sets  or  hardens 
rapidly. 

The  limes  are  called  fat  or  rich  because  of  the  large  amount  of  hy- 
drate of  lime  OTjmUy-coat  which  results  from  slaking.  In  this  process 
they  increase  in  volume  200  to  350  per  cent.  They  are  counted  strong 
for  the  same  reason,  it  being  assumed  that  the  amount  of  sand  which 
they  will  carry  is  proportioned  to  and  dependent  on  the  amount  of  the 
factor  previously  named,  viz.,  the  putty-coat. 

Thp  claim  that  is  made  by  the  parties  producing  this  lime,  viz.,  that 
its  value  can  be  gauged  as  against  any  other  with  which  it  competes  by 
the  percentage  of  lime  that  it  contains  without  any  reference  to  the 
magnesia,  is  supported,  at  least  by  implication,  in  some  of  the  most 
authoritative  statements  that  we  have  upon  the  general  subject.  (See 
CHUmore  on  "  Limes,"  &c.,  page  70;  Cook,  Geological  Survey  of  New  Jer- 
sey, 1868,  page  397.  &c.) 

The  claim,  however  supported,  does  not  match  to  our  experience, 
and  must  be  pronounced  unfounded  in  its  reference  to  Ohio  limes. 

Wherever  caustic  energy  is  required  in  lime,  as  in  paper  manufac- 
ture, for  example,  a  decided  preference  for  the  limes  of  this  class  is 
justified.  Probably,  also,  these  limes  are  more  efficient  in  gas  purifica- 
tion. 

b.  The  Magnesian  Division. 

The  limes  of  this  group,  as  found  in  Ohio,  have  had  but  scant  justice 
done  them  in  the  general  treatises^s  All  of  them  would  be  classed  by 
Oillmore,  for  example,  among  the  poor  or  meagre  limes.  He  describes  the 
limes  of  this  class  as  slaking  sluggishly,  and  seldom  producing  a  homo- 
geneous and  impalpable  powder.  He  says  that  they  are  to  be  employed 
as  mortar  only  when  it  is  impossible  to  procure  other  lime  or  cement. 
He  is  right  in  asserting  for  them  a  smaller  increase  of  bulk  in  slaking 
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than  belongs  to  the  limes  of  the  previous  section.    The  rate  of  increase 
is  believed  to  be  about  200  per  cent.     ("  Limes,  &c.,"  page  70.) 

Such  statements  as  those  first  quoted  are  wide  of  the  mark,  so  far 
as  Ohio  limes  are  concerned.  The  facts  pertaining  to  this  division  were 
fairly  stated  in  the  passage  already  referred  to  in  Volume  I,  page  476. 
They  can  be  summarized  as  follows,  viz.  : 

1.  The  magnesian  limestones  of  Ohio  are  of  exceptional  purity  in 
so  far  as  the  absence  of  iron,  alumina  and  silica  is  concerned. 

2.  They  slake  into  the  whitest  and  most  impalpable  powder. 
8.    They  require  more  time  for  slaking  than  the  limes  of  the  former 

division  actually  need,  but  not  more  after  all  than  it  is  well  to  give  these 
first-named  limes. 

4.  They  are  much  slower  in  setting  than  the  true  limes.  More 
than'  twice  as  many  bricks  can  be  laid  with  one  spreading  of  the  mortar 
made  from  them  than  with  mortar  made  from  the  true  limes.  They  al- 
low more  rapid  and  economical  work  on  this  account,  and  are  greatly 
preferred  by  masons  and  plasterers  on  this  account. 

6.  They  can  be  burned  much  more  easily  than  the  limes  of  the 
first  section.  The  percentage  of  fuel  saved  has  not  been  determined, 
but  it  is  considerable. 

6.  In  durability,  the  mortar  of  the  magnesian  limes  is  certainly  at 
no  disadvantage.  The  masonry  and  brick  work  of  the  city  of 'Spring- 
field, for  example,  where  none  but  magnesian  lime  has  ever  been  used, 
will  compare  very  favorably  with  similar  structures,  under  equal  expo- 
sure, in  Columbus,  wherefthe  lime  heretofore  employed  averages  nearly 
ninety  per  cent,  of  carbonate  of  lime. 

The  statements  above  made  call  attention  to  some  of  the  leading 
characteristics  of  the  two  classes  of  lime  now  produced  in  the  state. 
These  statements  are  preliminary  and  provisional  in  some  degree.    The 
^  questions  need  a  quantitative  and  final  determination.    It  is  a  matter 

^  of  great  regret  that  the  resources  of  the  Survey  were  inadequate  to  the 

''  necessary  experimentation  in  the  preparation  of  the  present  chapter. 

^  It  will  be  shown  in  this  chapter  that  Ohio  is  extraordinarily  rich 

in  dolomites  of  the  highest  possible  degree  oi  purity.    A  great  deal  of 
lime  goes  to  market  in  which  the  total  impurities  will  not  aggregate 
one  per  cent,  of  the  product. 
I  In  the  other  section,  also,  limes  of  unusual  purity  are  produced  on 

1  the  large  scale,  but  necessarily  there  is  much  greater  difierence  between 

t  the  several  limes  of  the  second  list  than  of  the  first. 

III.    Centers  op  Pboduction. 

For  convenience  in  description,  the  lime  manufacture  of  the  state 
will  be  described  under  four  main  divisions,  as  follows: 
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1.  Sonthweetern  Ohio— (a)  Olarke,  Greene,  Miami,  Shelby,  Montgomery, 

Preble  and  Darke  coontieB. 
lime— Mainly  dolomitic. 

Horirons-^  JJ,^«*^*'  ^''f,''*l£l^?''- 
xxwuuus—  ^  oimton,  small  prodnction. 

(6)  Highland  and  Pike  oonnties. 

Li  me — Dolomitic^ 

Horizon — Lower  Helderbeig. 

2.  Northern  Ohio— Ottawa  (in  part),  Sandaaky,  Seneca,  Hancock  and 

Wood  oonnties. 
Lime — Dolomitic. 


iT*>»5-««-_/ 1^^©'  Helderbenr. 
uonaons— J^  Niagara,  Qnelph  division. 


8.    Northern  Ohio— Erie  and  Ottawa  (Islands  and  Marblehead). 
Lime— Calcareous. 
Horiaon— Upper  Helderberg. 

4.    Central  Ohio— (a)  Franklin  county. 

lime— Calcareous. 

Horison — Upper  Helderberg. 

(b)  Marion  county. 

lime—  Calcareous. 
Horizon— Upper  Helderberg. 

These  divisions  will  be  treated  in  the  order  named. 

The  facts  pertaining  to  the  first  division  were  mainly  collected  for 
the  Survey  by  Mr.  Franklin  C.  Hill,  of  Yellow  Springs.  His  descrip- 
tion of  the  general  conditions  of  lime-production  in  Southwestern  Ohi(^ 
and  especially  of  the  modes  of  manufacture,  will  apply,  with  but  little 
change,  to  other  portions  of  the  state.  They  are  given  here  in  his  own 
words. 

1.    The  Limb-Pboduction  of  Southwestern  Ohio. 
(a)  Qarhe^  Oreene,  Miamij  Shelby,  Montgomery,  Preble  and  Darke  Oountia, 

"In  the  counties  of  Clarke,  Greene,  Miami,  Montgomery  and  Preble,  lime- 
burning  is  carried  on  at  many  places,  either  as  a  separate  bnsicess,  or  in  connection 
with  quarries  of  building  stone.  Men  are  yet  in  active  business  who  remember 
seeing  lime  burnt  by  simply  throwing  surface  stones,  and  bowlders  from  the  drifti 
on  to  the  top  of  log-heaps,  which  were  being  burnt  to  get  rid  of  the  surplus  wood  of 
the  country,  and  after  the  fire  died  out,  selecting  those  lumps  which  happened  to  be 
well  bamt. 

"  As  the  value  of  wood  increased  and  skilled  labor  became  more  plenty,  Idlni 
were  buUt  of  simple,  cheap  construction.  And  although  in  the  railroad  centres 
patent  draw-kilns  of  various  kinds  are  used,  yet  some  of  these  primitive  kibfl  are 
even  now  in  use. 

**  Two  styles  of  kiln  seem  to  have  started  so  nearly  together  that  it  is  hard  tossy 
now  which  is  the  elder.  In  one,  about  three-quarters  of  a  conical  pit  was  built  of 
stone,  either  in  the  side  of  a  bluff,  or  backed  up  by  earth  piled  against  it  The  ash- 
pit was  under  the  middle,  and  stones  of  the  most  refractory  kind  to  be  had  weie 
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laid  acrofls  it  as  grate-bars.  Over  this  the  fire-arch  was  built  of  limestone.  More 
stone  was  piled  above,  and  then  the  open  side  of  the  pot  was  closed  with  a  wall  of 
stones  and  lime.  All  this  work,  of  course,  had  to  be  repeated  at  every  burning. 
Several  of  these  kilns  are  still  in  use  at  Oedarville,  and  other  places* 

"  In  the  other  form  a  rectangular  kiln  of  stone  is  carried  up  far  enough  to  en- 
close the  lower  half  of  the  pot,  an  arched  doorway  being  left  in  one  side,  large 
enough  to  answer  at  first  for  a  fire-door  and  afterwards  to  admit  men  to  remove  the 
lime.  The  upper  part  of  the  pot  was  sustained  by  a  revettement  of  logs,  like  the 
base  of  a  log  cabin,  lined  with  packed  earth. 

"  From  these  two  forms  the  steps  to  the  most  approved  patent  draw-kiln  are  easy 
and  natural.  One  radical  change  should  be  noted,  the  pot,  at  first  widest  at  top,  be- 
comes in  the  draw-kiln  widest  at  bottom,  to  ensure  against  choking  as  the  mass 
descends.  In  all  pot-kilns  much  time  and  heat  are  lost  by  cooling  the  kiln  after  each 
firing.  In  the  draw-kilns  the  fires  are  built  in  arched  chambers  of  fire-brick  at  the 
sides  of  the  kiln  near  the  bottom.  The  stone  is  thus  never  directly  above  the  fire, 
but  is  reached  by  the  blase  drawing  in  from  the  sides.  The  limestone  is  simply 
dumped  into  the  top  of  the  kiln,  and  settles  down  by  its  own  weight.  At  intervals, 
regulated  by  experience,  a  draw-hole  at  the  bottom  is  opened,  and  as  murh  lime  as 
is  done  is  shoveled  out  from  below  the  mass  of  unbumt  stone,  which  at  once  settles 
down  and  brings  another  portion  within  reach  of  the  fire,  whilst  fresh  stone  is 
placed  on  top. 

*'  Of  course,  in  starting  a  draw-kiln  the  first  drawing  brings  out  the  stone  which 
lay  below  the  fire  and  was  not  burnt  This  is  carried  up  and  thrown  on  top.  Af- 
terwards the  kiln  can  be  burnt  without  stop  until  it  wears  out— perhaps  ten  or  twelve 
years — with  no  loss  of  time  or  heat.  Workmen  estimate  the  time  required  for  stone 
to  pass  through  the  kiln  at  from  thirty  to  forty-eight  hours.  Those  burners  who 
prefer  not  to  work  on  Sunday,  close  all  fire  and  draw-doors  on  Saturday  night,  lute 
them  with  lime,  and  thus  hold  everything  in  check  until  midnight  of  Sunday. 

"  As  to  the  merits  of  the  different  styles  of  kiln  used,  much  difference  of  opinion 
exists.  Large  operators  usually  prefer  some  one  of  the  draw-kilns,  although  many 
successful  burners  continue  to  use  the  old  pot-kihuu  There  are  several  kinds  of 
patent  draw-kilns  in  use,  as  Monitor,  an  iron  kiln,  and  the  stone  structures  of  Page 
and  of  Corey ;  and  many  burners  have  changed  the  details  of  these  kilns  to  suit 
their  own  taste  or  experience.  Though  it  is  conceded  by  all  that  the  draw-kilns 
give  the  greatest  yield  of  lime  in  proportion  to  the  fuel,  yet  some  assert  that  in  fall- 
ing through  the  kiln  the  lime  is  so  badly  broken  and  ground  up  that  much  is  air- 
slaked  and  lost.  Where  the  demand  for  lime  is  steady,  and  the  draw-kilns  can  be 
worked  to  their  full  capacity,  there  seems  to  be  no  doubt  of  their  superiority ;  but 
as  the  demand  slackens,  or  becomes  irregular,  they  lose  value,  and  a  point  is  soon 
reached  when  their  use  becomes  ruinous.  As  a  matter  of  fact,  we  see  a  firm  who 
have  used  draw-kilns  for  years  with  great  success,  building  pot-kilns  when  they  es- 
tablish a  branch  business,  and  we  see  little  old  log-topped  pots  steadily  burning  with- 
in three  miles  of  a  Monitor  that  controls  the  trade  of  a  railroad  center. 

'*  Quite  a  large  number  of  brands  of  fire-brick  are  in  use  for  lining  the  kilns,  and 
opinions  are  somewhat  divided  as  to  their  merits.  There  seems  to  be  little  reason  to 
doubt  that  those  made  in  Albany,  N.  Y.,  of  day  from  South  Amboy,  N.  J.,  are  the  best, 
though  their  high  cost  limits  their  use.  Some,  who  claim  to  be  experts,  use  them 
in  the  parts  most  exposed  to  heat,  and  cheaper  grades  as  the  distance  from  the  fire 
increases. 

"  Wood  is  used  as  fuel  in  all  kilns  in  these  counties,  and  exclusively  in  nearly 
all  of  them.  Many  operators  assert  that  a  wide-spread  prejudice  against  coal-burnt 
lime  prevents  their  use  of  coal ;  but  those  who  do  use  it  deny  this,  and  claim  that 
a  considerable  savhig  is  made  by  mixing  the  two  fuels. 
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"  little  advance  seems  to  have  been  made  since  the  Beport  on  Clarke  coonty 
was  written  (see  Vol.  I,  page  479)  in  utilizing  the  ashes  fiom  lime  kilns.  Now,  m 
then,  the  soap-boilers  use  a  part  of  them,  and  those  lime-burners  who  are  also 
farmers  use  some  on  their  own  lands,  but  large  operators  find  their  aahes  hard  to 
dispose  of. 

'*  The  business  of  getting  out  building  stone  is  often,  though  by  no  means  al- 
ways, carried  on  by  the  same  parties  as  the  lime-burning.  This  results  natnrallj 
from  the  lime  rock  lying  on  top  of  the  building  stone,  from  which  it  must  be  removed 
if  either  rock  be  needed.  This  fact  greatly  complicates  the  problem  of  compnti]^ 
the  cost  of  either  product  To  get  at  the  building  stone  the  lime  rock  must  be  re- 
moved, even  if  thrown  away,  as  is  now  done  on  a  large  scale  at  Covington,  Miami 
county,  by  several  parties,  and  all  expenses  must  then  be  charged  to  building  sione. 
Should  there  ever  be  a  greater  proportional  demand 'for  lime  than  now  exiata.  these 
waste-heaps  will  yield  a  cheap  supply  to  the  then  owner.  Meanwhile,  in  the  next 
quarry  a  Monitor  kiln  constantly  absorbs  a  large  quantity  of  the  cap  rock,  giTing  a 
lime  product  whose  cost  must  be  largely  dependent  on  dreumstanoes,  or  perhaps 
opinion,  changing  with  the  relative  thickness  of  the  two  varieties  of  stone,  and  with 
the  market  demand  for  the  two  products. 

"The  majority  of  burners  state  that  at  .present  the  lime  costs  them  alx>ot  tea 
cents  per  bushel  (of  seventy  pounds)  at  the  kiln,  when  wood  is  the  only  fnel,  and 
those  who  use  coal  in  part  estimate  a  saving  thereby  of  from  one  to  one  and  a  half 
cents  per  bushel.  Naturally  those  quarries  which  are  placed  on  a  hUlside  above  a 
railroad,  where  the  stone  will  fall  by  its  own  weight  into  the  top  of  a  draw-kiln, 
which  delivers  the  lime  on  a  level  with  a  car  on  a  siding,  have  great  advantages  over 
those  where  the  stone  must  be  raised  to  a  great  height  by  horse  power,  and  whence 
the  lime  must  be  distributed  in  wagons  over  common  roads.  And  yet  the  lime  sap- 
ply  of  the  city  of  Dayton  is  largely  drawn  from  kilns  situated  seven  miles  away, 
whence  it  is  drawn  in  wagons.  And  the  quarries  there  lie  many  feet  below,  and 
many  rods  distant  from  the  bottom  of  the  kilns — common  pot-kilns  of  small  siae — to 
the  top  of  which  most  of  the  stone  must  be  hauled  in  carts.  At  these  kilns  wood 
costs  as  much  as  elsewhere,  yet  they  compete  successfully  in  the  city  with  the  great 
Springfield  kilns,  whose  lime  passes  through  Dayton  by  rail  on  its  way  to  a  market 
One  advantage,  however,  these  country  kilns  have  in  the  city  trade.  Their  wagons 
take  the  lime  from  the  kiln  directly  to  the  consumer,  and  it  thus  escapes  rehandling. 

"  A  large  majority  of  the  kilns  in  these  counties  bum  the  Niagara  magneaian 
limestones,  and  the  small  minority  use  the  purer  carbonates  of  lime  known  as  Clin- 
ton rocks.  Those  using  Niagara  stone  will,  therefore,  be  first  spoken  of.  The  char- 
acteristics of  both  rocks  will  be  found  fully  described  in  the  former  volumes  of  the 
Ohio  Geological  Survey.  The  product  of  the  Niagara  rocks  is  known  to  the  trade  as 
a  '  cool '  lime,  and  is  much  preferred  by  those  masons  who  are  accustomed  to  its 
use.  Its  mortar  is  easier  to  use  than  that  made  with  the  hot  lime  of  the  Clinton,  as 
it  can  be  worked  with  less  haste,  owing  to  its  setting  more  slowly.  When  once  set  it 
very  soon  hardens,  and  then  shows  great  endurance.  No  ordinary  nail  can  be  driven 
into  the  joints  of  brickwork  laid  with  it,  after  it  has  stood  two  jrears ;  in  the  walk 
of  Antioch  College,  which  was  built  in  1862,  the  mortar  has,  for  at  least  twenty-ftve 
years,  been  harder  than  the  pressed  bricks  it  holds  together.  There  is,  donbtlen, 
some  diflTerence  in  the  value  of  limes  from  diflferent  quarries  of  the  Niagara  nx^, 
though  not  so  much  as  is  often  thought  or  stated.  The  limes  may  require  riightij 
diflferent  treatment,  but  when  their  secrets  have  been  found  out  by  experiment,  they 
will  all  give  good  results. 

"  In  the  earlier  years  of  the  city  of  Dayton  the  so-called  Dayton  stone  was  ossd 
as  a  source  of  lime,  and  old  residents  state  that  at  the  present  time  the  mortar  mads 
from  it  leaves  the  bricks  easily,  and  crumbles  under  the  hammer,  when  old  buildings 
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are  destroyed.  This  may  be  partly  the  faalt  of  inexperienced  or  careless  masons. 
Perhaps  they  failed  to  *dip/  or  wet,  the  bricks  when  laying  them  up.  An  ordinary 
brick,  after  being  thoroughly  dried,  will  absorb  about  a  pint  of  water  (one  pound, 
averaged  by  actual  trial),  a  fact  which  few  are  willing  to  accept  without  proof.  When 
dry  bricks  are  laid  in  mortar  they  absorb  much  of  the  water  from  it,  and  'kill  it,' 
before  it  can  set,  and  thus  weaken  it  greatly. 

"  Ck>mplaint  is  often  made  against  this  lime  for  *  pipping.'  Certain  small  pieces 
of  lime  in  the  '  putty-coat'  fail  to  slake  until  after  the  plaster  is  on  the  wall.  When 
they  do  slake,  as  they  will  when  they  have  absorbed  the  right  amount  of  water, 
though  it  may  not  be  for  years,  they  burst  out  and  ruin  the  wall  surface.  Much  discus- 
sion has  arisen  as  to  the  cause  of  this  trouble,  and  its  remedy.  The  idea  of  its  being 
caosed  by  the  use  of  coal  (Ohio  Qeological  Report,  Volume  I,  page  476)  is  easily  dis- 
posed of,  by  stating  the  well-known  fact  that  desperate  cases  occur  at  Yellow  Springs 
where  no  coal  is  used.  A  more  probable  cause  is  to  be  found  in  the  structure  of  the 
stone  itself,  in  which  the  small  quantity  of  silica  that  is  always  present  seems  to  be 
unequally  distributed  through  the  mass.  (In  some  quarries  this  silica  is  found  in 
distinct  layers.)  The  silicious  masses  may  resist  the  action  of  water  longer  than  the 
other  parts  of  the  lime,  and  yet  they  will  slake  when  their  time  comes. 

"  A  more  practical  question  is,  how  to  prevent  pipping,  and  that  is  easier  of  solu- 
tion. If  the  putty-coat  be  allowed  to  lie  for  some  days,  say  from  seven  to  ten,  be- 
fore using,  as  it  should  be,  no  pipping  will  occur.  Should  this  method  be  thought 
too  slow,  the  slush  must  be  run  througn  a  fine  seive,  as  is  commonly  done  by  the 
Springfield  plasterers,  and  the  Chapel  of  Antioch  College,  which  was  plastered  by 
Springfield  men  some  seventeen  years  ago,  may  be  quoted  as  an  example  of  the  suc- 
cess of  this  method. 

"  The  Clinton  rock  yields  a  hot  lime  not  liked  by  masons  accustomed  to  that  of 
the  Niagara,  but  much  preferred  by  paper  makers  and  gas  works.  One  firm  use  this 
rock  in  other  ways,  which  will  be  spoken  of  in  discussing  their  quarry." 

The  principal  lime- production  of  the  several  counties  of  this  group 
will  now  be  briefly  described: 

Clareb  County. 

The  chief  lime- production  of  Clarke  county  is  within  the  limits  of 
Springfield,  and  in  its  immediate  neighborhood. 

On  the  left  banks  of  Buck  Creek,  within  the  city  limits,  are  the 
Pettigrew  quarries.  One  Monitor  kiln,  with  a  daily  capacity  of  200  bush- 
els, is  in  operation  here.  The  cap- rock  from  which  the  lime  is  burned  has 
a  maximum  thickness  of  about  twenty  feet.  Its  composition  varies 
somewhat  in  different  parts  of  the  quarry.  Within  the  range  of  the 
property,  it  is  locally  replaced  in  part  by  flinty  beds.  The  proprietor 
believes  that  a  difference  is  found  in  the  quality  of  the  lime  produced 
from  different  sections  of  the  cap-rock  that  is  now  worked,  a  tendency 
to  '*  pip''  being  found  at  one  extremity  of  the  workings. 

The  building-stone  courses  occur  in  beds  of  twelve,  four,  eight, 
eight  and  four  inches  in  descending  order,  covering  four  beds  of  cutting 
stone,  the  thicknesses  of  which  respectively  are  twelve,  ten,  six  and 
eight  inches.    Underneath  blue  and  silicious  beds  are  found. 
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The  value  of  the  building  stone  is  $1.25  per  perch.  The  cutting 
stone  sells  for  a  good  deal  more,  but  the  market  is  not  always  ready  for 
what  is  produced. 

The  lime  burned  here  finds  a  local  market  only,  and  the  kiln  is  not 
making  more  than  half  time.  The  industry  is  reaching  its  natural 
limits,  in  this  locality.  Wood  for  burning  costs  $2.75  per  cord,  and  rail- 
road facilities  are  entirely  wanting. 

The  composition  of  the  lime  is  already  sufficiently  established.  The 
analyses  of  1870  revealed  the  great  purity  and  excellence  of  the  Spring- 
field dolomites.  They  are  repeated  here.  A  single  analysis,  made  for 
the  Survey  in  1886  on  a  large  number  of  samples,  and  thus  showing  the 
average  composition,  is  also  presented : 


1.  Middle  bed.  Wormley. 
%.  Upper  bed.  Wormley. 
8.    Average.         Lord, 


1 

2 

8 

Carbonate  of  lime 

55.40 

41.48 

1.80 

1.30 

63.90 

41.90 

2.70 

1.40 

64.13 

Carbonate  of  maffnesia 

44.37 

Alumina  and  oxide  of  iron  »w.rtt*.. ,,^^„^.,..,- 

0.66 

Silicioofl  matter. 

0.65 

o9.Vo 

99.90 

99.71 

On  the  right  bank  of  Buck  Creek,  and  also  within  the  city  limits, 
are  the  quarries  and  the  single  Monitor  kiln  of  George  H.  Frey.  The 
same  general  statements  that  were  made  in  reference  to  the  previous  in- 
terest are  also  applicable  here.  The  supply  of  rock  is  running  short  in 
these  quarries,  and  production  will  not  long  be  maintained.  Mr.  Frey 
claims  a  production  of  sixty-six  bushels  of  lime  to  one  cord  of  wood. 
This  rate  is  as  high  as  any  in  the  district. 

The  composition  of  the  stone  is  indicated  in  the  following  analysis : 

1.  Middle  bed.    Wwmky. 

2.  Upper  bed.     Wormley, 
8.    Average.         Lofd. 
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1 

2 

8 

Carbonate  of  lime 

64.70 
44.06 

0.10 

64.70 

42.87 

1.00 

1.60 

6888 

Oarbonftte  of  mftffnefiia ............. i ■  r-. ,..**••.. twt.t.i ■•■*.. 

48.79 

Alumina  and  oxide  of  iron.. 

Silicdonfl  matter 

0.89 
1.66 

99.98 

99.67 

99.61 

The  wonderful  excellence  of  the  Springfield  stone  is  fully  attested 
by  these  figures. 

The  kilns  located  on  the  left  bank  of  Mad  River,  three  miles  below 
Springfield,  owned  by  Moore  &  Company,  are  the  largest  and  best  known 
sources  of  Springfield  lime. 

In  these  quarries  there  are  thirty  feet  of  cap-rock  (maximum),  and 
fourteen  feet  of  building  stone.  The  main  courses  are,  in  descending 
order,  six,  nine,  six,  four,  four  and  twelve  inches  in  thickness  respect- 
ively. Beneath  them  three  valuable  courses  of  cutting  stone,  of  six- 
teen, eighteen  and  twenty-two  inches  respectively,  are  found. 

Three  Corey  kilns  are  in  operation  here,  and  one  kiln  built  by  the 
company  on  a  plan  of  its  own.  The  kilns  are  advantageously  situated, 
with  reference  alike  to  charging  and  shipping.  In  the  last  named  kiln 
there  are  three  fires  120^  apart,  with  draw-hole  on  one  side.  The  daily 
capacity  of  this  kiln  is  rated  at  400  bushels.  Its  consumption  of  wood 
for  this  production  is  6.15  cords,  showing  an  average  of  sixty-five  bushels 
of  lime  to  one  cord. 

The  composition  of  the  Moore  lime  is  shown  in  the  following  analy- 
sis of  an  average  made  up  from  many  fragments  of  the  rock  as  burned. 
The  analysis  was  m&de  by  Professor  Lord : 

Carbonate  of  lime 68.61 

Carbonate  of  magnesia.. 44.96 

Alamina  and  oxide  of  iron...^ 42 

Silidons  matter 66 

99.66 

There  is  but  little  purer  rock  than  this  worked  in  the  state. 

On  the  same  side  of  the  river,  and  one-fourth  of  a  mile  below  the 
Moore  kilns,  is  the  draw- kiln  of  Jacob  Hankie,  near  Snyder's  Station. 
The  natural  conditions  are  similar  to  those  last  described,  but  the  de- 
velopment is  just  begun. 
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The  Fintz  quarries  and  two  draw-kilns  are  also  located  on  the  right 
bank  of  the  river,  and  nearer  town  than  those  already  described.  The 
production  is  not  urged  at  the  present  time,  but  the  lime  is  as  good  as 
the  best,  as' is  shown  in  the  appended  analysis:    {Lord) 

Carbonate  of  lime 53.92 

Carbonate  of  magnesia .-.  44.99 

Alomina  and  oxide  of  iron - .37 

SiliciouB  matter 68 

99.96 

On  the  right  bank  of  Mad  River  are  three  lime-producing  quarries, 
within  a  distance  of  three  miles  below  Springfield. 

The  first  quarry  is  that  of  J.  B.  Crane  &  Brothers,  (formerly  the 
Sintz  quarry.)  There  are  two  draw-kilns  connected  with  this  quarry, 
but  they  are  not  in  constant  operation. 

John  McCarty,  next  below,  has  one  square  draw-kiln,  with  a  capaci- 
ty of  360  bushels  per  diem,  requiring  four  cords  of  wood.  If  the  figures 
pertaining  to  this  production  are  carefully  given,  they  are  the  best  of 
the  field. 

More  account  is  made  of  the  building-stone  market  than  of  the  lime 
market,  at  the  present  time.  The  composition  of  the  lime  is  as  follows: 
(Lord) 

Carbonate  of  lime 68.77 

Carbonate  of  magnesia - 44.76 

Alamina  and  oxide  of  iron .39 

Silicioas  matter 69 

9961 

Holcomb's  lime-production,  that  is  found  next  below,  is  by  far  the 
largest  and  most  important  in  the  district,  with  the  single  exception  of 
the  Moore  kilns. 

His  quarries  are  in  admirable  order.  All  of  the  work  has  gone  for- 
ward methodically,  and  with  reference  to  the  permanence  of  the  indus- 
tries concerned.  As  in  the  other  interests  previously  described,  the 
products  of  the  Holcomb  quarries  are  divided  into  limestone  and 
building  stone.  Of  the  former,  or  cap-rock,  there  is  an  average  thick- 
ness of  twenty-five  feet,  which  is  now  exposed  in  a  wall  400  feet  in 
length.  It  has  been  worked  back  from  the  kilns  so  as  to  leave  a  floor  of 
building  stone,  100  feet  wide,  which  is  level  with  the  two  draw-kilns 
that  are  located  directly  on  the  line  of  the  N.  Y.,  P.  &  O.  R'y.  The 
building  stone  is  worked  as  required,  from  the  floor  above  named,  to- 
wards the  railroad  level,  the  best  of  facilities  for  quarrying  and  loading 
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being  maintained.  It  is  about  twelve  feet  thick,  in  eight  courses.  Be- 
low it  there  is  a  second  but  inferior  bench  of  lime  rock,  fifteen  feet  in 
thickness. 

The  admirable  statistics  furnished  by  Mr.  Holcomb,  for  the  use  of 
the  Survey,  in  Volume  I,  are  no  longer  applicable  to  the  lime  interest 
of  this  region,  from  the  fact  that  there  is  universally  blended  with  it 
now  the  production  of  building  stone.  The  latter  interest  is  often  the 
more  important  of  the  two,  as  has  been  already  shown  in  several  in- 
stances. The  analysis  of  the  limestone,  and  also  of  th«  building  stone, 
from  these  quarries,  is  appended. 

The  figures  are  as  follow : 

1.  Holcomb's  limestone.    ( Lord.) 

2.  Holcomb's  building  stone. 


Carbonate  of  lime.. 

Carbonate  of  magnesia.. 

Alumina  and  oxide  of  iron.. 
Silicious  matter 


This  enumeration  completes  the  list  of  lime  manufacturers  in  Clarke 
county,  so  far  as  the  main  supply  for  the  general  market  is  concerned* 

Greene  County. 

Precisely  the  same  conditions  exist  here  that  have  been  already  de- 
scribed. Lime  is  burned  in  the  large  way  at  but  two  points  in  the 
county  at  the  present  time,  viz.,  at  Cedarville  and  Yellow  Springs. 

Cedarville,  situated  on  the  main  line  of  the  Little  Miami  Railroad, 
seven  miles  above  Xenia,  has  long  been  noted  for  the  quantity  and  quali- 
ty of  its  lime-production.  The  Niagara  limestone  is  uncovered  here  in 
the  bed  and  banks  of  Massie's  Creek,  and  its  tributaries,  on  quite  a  large 
scale.  Many  acres  of  stone  are  accessible,  with  but  very  little  outlay  in 
the  way  of  stripping.  The  stone  is  very  porous  and  soft,  but  it  makes 
a  lime  of  the  highest  excellence  in  its  grade. 

D,  S.  Irvin  is  the  principal  producer  at  the  present  time.  He  uses 
three  draw-kilns,  built  on  Page's  patent,  bat  slightly  modified,  and  two 
open-front  pot-kilns,  but  all  are  not  worked  to  their  full  capacity.     Wood 
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costs  from  $2.00  to  f  2.50  per  cord.  Mr.  Ervin  counts  fifty-eight  bushbls 
of  lime  to  one  cord  of  wood  in  the  draw-kilns,  and  fifty  bushelB  to  the 
cord  in  the  pot-kilns.  He  has  worked  in  all,  thirty  five  feet  of  stone,  at 
the  deepest  point  in  his  quarries.  The  upper  half  is  thin  and  irregular 
in  its  bedding,  while  the  lower  is  much  more  regular  and  solid.  Bolh 
kinds  are  burned  together,  and  no  difference  in  quality  is  recognized. 
The  building  stone  has  never  yet  been  reached,  but  it  cannot  be  very 
far  below  the  present  depth  of  the  quarries.  The  stone  is  raised  by 
steam  haulage  on  an  inclined  plane  from  the  quarries,  and  all  the  econ- 
omies that  are  necessary  to  success  in  this  manufacture,  under  present 
conditions,  have  been  introduced  here. 

Messrs.  Orr  and  Iliff  have  each  four  pot-kilns,  located  one-fourth  of 
a  mile  from  the  railroad,  and  are  running  when  the  market  warrants. 
The  proper  conditions  have  been  found  but  infrequently  of  late,  and  are 
not  likely  to  return.  Lime  can  be  manufactured  more  advantageously 
by  a  system  quite  different  from  that  which  prevailed  a  score  of  years 
ago. 

The  limestone  was  sampled  from  two  of  Mr.  Brvin's  quarries,  and 
analysis  gives  the  following  results :    (Lord) 


Carbonate  of  lime 

Oarbonate  of  magnesia 

Alumina  and  oxide  of  iron. 
Silidoas  matter 


The  quality  is  seen  to  be  of  the  same  high  grade  already  reported 
in  the  Springfield  stone.  Physically,  the  Cedarville  stone  can  be  readi- 
ly distinguished  from  the  Springfield  stone,  but  chemically  they  are 
identical. 

A  well-established  business  in  lime-production  has  been  maintained 
in  Yellow  Springs  for  many  years.  The  rock  is  exposed  in  bold  clifis 
along  the  gorges  of  the  Little  Miami  River,  and  its  tributaries,  and  can 
be  quarried  here  to  excellent  aavanta^e,  and  to  any  required  extent. 
The  sections  embrace,  as  at  Springfield,  both  limestone  and  building 
stone.  The  cap-rock  is  about  twenty  feet  thick,  and  twelve  to  fifteen 
feet  of  building  stone  have  been  worked  below  it  without  reaching  the 
bottom  of  this  division. 

Irvin  &  Company  are  the  only  parties  now  producing  lime  at  this 
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point.  They  have  a  single  kiln  of  the  old  type.  It  contains  1,600  bush- 
els of  lime.  The  stone  is  raised  by  a  portable  engine  from  the  quarry 
to  the  kiln,  the  latter  being  located  on  the  railroad.  The  lime  is  of  the 
same  high  grade  of  magnesian  limes  that  has  been  already  described. 
In  fact,  the  stone  is  almost  chemically  pure  dolomite.  Its  composition 
is  shown  below : 


1. 


Selected  samples  of  limestone.     Wonnley. 
2.    Average  of  limestone.  Lord. 

8.    Average  of  building  atone.     Lord, 
4.    Blue  baildinfc  atone.  Wormley. 


1 

2 

8 

4 

Carbonate  of  lime ...•••• m...... 

64.75 

68.96 

60.76 

61.10 

Oarbonateof  magnesia 

42.28 

44.66 

41.86 

41.12 

Alominaand  oxide  of  iron 

2.00 

0.61 

0.76 

1.40 

Silicions  matter 

0.40 

0.72 

6.66 

640 

99.88 

99.77 

99.02 

99.02 

There  is  no  limit  to  the  production  of  lime  of  the  purity  denoted  in 
the  analyses  above  quoted  in  Greene  county,  so  far  as  easily-accessible 
rock  is  concerned.  Fuel  is  growing  scarcer  and  higher  in  price,  year  by 
y«ar,  but  if  coal  were  once  successfully  introduced  in  the  burning,  this 
county  could  meet  all  the  demands  of  southwestern  Ohio  for  all  time  to 
come. 


MONTOOMERY  CoUNTY. 

The  production  of  lime  in  Montgomery  county  is  limited  to  a  single 
point,  viz.,  Bartholomew  Wilson's  kilns,  in  section  seventeen,  Wayne 
township,  where  the  business  has  been  going  on  without  interruption 
for  more  than  forty  years.  The  lime  has  no  railroad  outlet,  but  is 
wagoned  into  Dayton,  where  it  has  long  had  an  almost  undisputed 
supremacy  in  the  home  market.  The  lime  has  proved  through  this 
long  experience  so  good  that  no  one  has  felt  justified  in  asking  for  better^ 
though  the  wagon-haul  raises  the  price  above  some  of  the  limes  that 
reach  the  city  by  rail. 

Mr.  Wilson  works  sixteen  feet  of  cap-rock,  which  reaches  down  to 
and  rests  upon  the  building-stone  courses,  the  latter  being  left  undis- 

46      G. 
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tuibed.  He  has^three  common  kilns,  of  500  to  1,000  bushels'  capacity, 
n  each  of  his  two  quarries.  Wood  costs  him  $2.60  per  cord.  He  connU 
iforty  to  fifty  bushels  of  lime  to  one  cord.  His  production  has  reached 
as  high  as  120,000  bushels  per  year,  but  the  present  demand  does  not 
call  for  more  than  75,000  bushels.  Even  this  amount  is  very  likely  to 
be,  in  part,  replaced  by  the  cheaper  lime  of  precisely  the  same  grade 
that  the  various  railroad  centers  supply. 

One  section  of  the  quarries  ha»  been  found  to  yield  a  lime  that 
"  pips"  in  the  ^vall.  It  has  long  been  rejected  as  a  source  of  lime.  An 
nalysis  of  it  is  appended.  Mr.  W  ilson's  explanation  of  its  unsatis- 
factory character,  viz.,  that  it  carries  silicious  particles,  seems  to  be  borne 
out  by  the  analysis. 

The  composition  of  this  famous  lime  is  shown  below.  The  excel- 
lence of  the  product  is  attested  by  the  condition  of  the  work  that  for 
the  last  forty  years  has  been  built  with  it  in  Dayton,  as  well  as  by  the 
accompanying  results  : 

1.  Best  lime,  first  quarry.    Average.    Lank. 

2.  Best  lime,  second  quarry.       '*         Lofrd. 
8.    Rejected  stone.  *'         Lotrd. 


Oarbonateof  lime 

Carbonate  of  magnesia 

Alumina  and  oxide  of  iron 
Bilidoos  matter 


64.80 

48.69 

.88 

.80 


99.62 


64.47 

44.78 

.47 


loaoa 


61.97 

mi 

1.13 
4.00 

99.17 


In  the  average  rock  of  the  second  quarry,  the  surprising  fact  is  to 
be  observed  that  the  total  impurities  are  considerably  less  than  one  per 
cent.  There  is  no  better  stone  of  this  kind  in  the  state,  but  there  is  & 
great  deal  that  is  just  as  good,  and  if  any  pre-eminence  belongs  to  the 
lime,  it  must  be  derived  from  some  peculiarities  in  burning  rather  than 
from  the  character  of  the  native  rock.  Probably  the  lime  will  be  foand 
to  agree  very  closely  in  its  working  with  other  limes  of  the  same  oom- 
position. 

Miami  County. 

The  lime-production  of  this  county  is  not  important,  though  the 
possibilities  are  great. 
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At^Covingtoa,  Joseph  Rhule  is  burning  lime  in  one  Monitor  kiln, 
the  daily  yield  of  ^bich  is  250  bushels.  Wood  costs  him  S2.25  to  $2.50. 
Preference  is  given  to  beech.  Hickory  and  sugar  maple  are  rejected,  as 
giving  too  much  coal.  One  and  one-half  cords  are  required  to  burn  100 
bushels  of  lime.    Lime  is  sold  at  twelve  cents  per  bushel  on  the  cars. 

The  composition  of  Rhule's  limestone  is  as  follows :    (Lord) 

Carbonate  of  lime 64.14 

Carbonate  of  magnesia 44.90 

Alamina  and  oxide  of  iron , : 40 

Siiicioas  matter 86 

100.26 

The  quarry  shows  twenty  feet  of  cap-rock  or  limestone,  two  feet  of 
yellow  **  well  stone,"  four  feet  in  six  to  twelve-inch  courses,  underlain  by 
ten  feet  of  building  stone,  ranging  from  twelve  to  thirty  inches  in  thick- 
ness. 

In  the  other  quarries  of  the  town,  several  of  which  are  worked  on 
quite  an  important  scale,  the  cap-rock  is  treated  as  waste.  Twelve  feet 
of  this  division  need  to  be  removed  to  reach  the  building-stone  courses. 
The  first  courses  are  of  medium  quality,  but  underlying  them  are  seven 
courses  of  excellent  building  stone.  A  thirty-inch  course  found  here  is 
considered  one  of  the  most  valuable  limestones  of  the  state.  It  is  in  no 
respect  inferior  to  the  Dayton  stone. 

The  only  remaining  production  of  this  part  of  the  county  is  found 
in  Clayton  township,  north  of  Covington,  where  Oliver  and  Samuel 
Nichodemus  each  burn,  during  the  season,  in  small  pot  kilns,  one  to 
each  farm,  twelve  to  twenty  kilns  of  150  bushels.  The  rock  employed 
is  the  surface  Niagara  stone,  and  the  quality  of  the  lime  is  doubtless  of 
the  usual  excellence. 

In  Bethel  township,  at  the  village  of  Brant,  Thomas  Corey  burns 
lime  in  two  small  pot-kilns  on  the  Dear  farm.  The  production  is  about 
500  bushels  per  week.  It  could  easily  be  doubled  if  the  markets  would 
allow*  The  price  of  the  lime  is  twenty  cents  at  the  kiln.  Twelve  cordis 
of  wood,  costing  2.50  per  cord,  are  required  for  the  burning  of  500 
bushels  of  lime. 

The  Brant  lime  has  an  excellent  reputation  through  all  the  neigh- 
borhood, and  a  good  deal  of  it  has  been  wagoned  to  Dayton.  The  sub- 
joined analysis  shows  that  the  lime  fully  deserves  its  good  name.  The 
analysis  was  made  by  Professor  N.  W.  Lord : 
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Carbonate  of  lime « 64.3 

Carbonate  of  magnesia « 44.01 

Alumina  and  oxide  of  iron. 40 

Silidona  matter 82 

9910 

These  figures  show  as  pare  and  excellent  a  magnesian  lime  as  can 
be  produced  anywhere  in  the  world. 

The  Piqua  lime,  which  is  burned  from  the  Clinton  limestone,  wili 
be  found  described  on  a  subsequent  page. 

Pbbblb  County. 

The  lime-production  of  Preble  county  is-  principally  confined  to  two 
points,  viz.,  New  Paris  and  Lewisburg. . 

The  manufacture  has  long  been  carried  on  at  New  Paris  on  quite  a 
large  scale.  The  lime  has  had  an  excellent  reputation,  and  has  been 
widely  distributed,  especially  by  the  railroad,  to  the  west  of  Richmond, 
Indiana.  Claims  of  unusual  character  were  known  to  be  made  for  the 
lime,  but  they  were  discarded  on  the  ground  that  the  same  Niagara  cap- 
rock,  which  has  been  so  largely  used  in  surrounding  counties  in  this  in- 
terest, was  the  sole  source  of  the  lime  at  this  point  also.  The  series  a^ 
disclosed  here  was,  however,  known  to  be  considerably  abbreviated,  and 
in  other  ways  transformed,  as  compared  with  the  typical  sections  of 
Greene  and  Clarke  counties.    (Geology  of  Ohio,  Volume  III,  page  409.) 

It  has  so  happened  that  no  analysis  of  the  New  Paris  lime  has  been 
made  for  the  Survey  until  the  preparation  of  the  present  chapter  was 
begun.  The  results  of  this  analysis  are  unexpected  and  surprising. 
They  show  a  lime  that  has  departed  widely  from  the  common  type  of 
the  upper  Niagara,  or  Guelph  division,  the  composition  of  which  cannot 
be  distinguished  from  that  of  the  Lower  Corniferous  limestone.  The 
figures  will  be  given  presently. 

James  Dwyer  is  burning  lime  in  one  Page  kiln,  the  capacity  of 
which  is  counted  1,200  bushels  per  week.  The  limestone  quarry  showB 
twelve  feet  of  cap-rock,  but  is  not  worked  down  to  the  building  stone. 

Thomas  J.  Smith  uses  two  Page  kilns,  situated  in  different  parts  of 
his  extensive  quarries.  The  section  found  in  a  large  part  of  his  work- 
ings is  about  as  follows : 

Limestone,  four  feet,  ^ 

Rotten  limestone,  three  feet,  >  cap-rock. 

limestone,  four  feet,  J 

Bnilding  stone,  six  and  eight  feet. 

Shale  or  soapetone,  three  feet  (Niagara  shale). 
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At  the  bottom  of  this  Qolumn  the  Clinton  limestone  is  found.  As  in- 
timated above,  the  section  has  been  greatly  reduced,  and  in  fact  almost 
atrophied  in  this  instance. 

Mr.  Smith  uses  coal,  in  connection  with  wood,  to  a  small  extent  in 
burning  his  lime,  standing  almost  alone  in  southwestern  Ohio  in  this 
respect. 

He  claims  a  saving  of  one  to  one  and  one-half  cents  per  bushel  on 
the  lime  thus  burned.  He  believes  that  kilns  can  be  so  constructed  as 
to  admit  of  the  use  of  coal  to  the  exclusion  of  wood.  Of  course  this  can 
be  done  here  as  in  the  old  world,  but  no  one  has  been  entirely  successful 
thus  far  in  the  attempts  in  this  part  of  the  country. 

The  chemical  character  of  the  New  Paris  lime  is  shown  in  the  ap- 
pended table: 

1.  Dwyer'a  upper  limeetone.    (Lord.) 

2.  Dwyer's  lower  Umestone.     (Lord,) 
8.    Smith's  lower  limestone.     (Lord.) 


Oarbonate  of  lime 

Carbonate  of  magnesia 

Alumina  and  oxide  of  iron. 
Silicious  matter.. 


61.88 

37.68 

.87 

.61 


67.61 

80.84 

.88 

1.28 


99.96 


67.00 

29.26 

M 

2M 


99.06 


These  limes  are  seen  to  be  very  free  from  impurities.  In  this  re- 
spect they  rank  as  high  as  the  dolomites  already  described.  They  de- 
serve the  name  that  they  have  gained  of  being  hotter  and  stronger,  in 
the  Ubual  sense  of  these  words,  than  the  limes  previously  described  with 
which  they  come  into  competition. 

Lime  is  burned  on  quite  a  respectable  scale  at  Lewisburg,  and  in 
the  immediate  neighborhood,  by  Messrs.  Disher,  Turner  &  Weaver. 

Christian  Disher's  kilns,  three  in  number,  of  the  old  type  (pot-kilns), 
are  located  one  mile  east  of  Lewisburg.  Wood  costs  $2.60  per  cord,  and 
one  cord  is  claimed  to  make  fifty  bushels  of  lime.  The  lime  is  sold  at 
the  kiln  at  twenty  cents  per  bushel.  Much  of  it  is  wagoned  to  Baton, 
and  to  surrounding  villages.  The  annual  production  oscillates  between 
80,000  and  50,000  bushels.  Mr.  Disher  makes  use  of  the  ashes  resulting 
from  burning,  on  his  farm,  and  derives  great  advantage  therefrom. 
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Wm.  Tamer  has  two  small  pot-kilnsi  and  produces  about  lOOO. 
bushels  of  lime  per  year«  To  bum  a  kiln  that  yields  200  to  215  bushek 
be  uses  five  to  five  and  one-half  cords  of  wood. 

The  composition  of  the  Lewisburg  lime  is  shown  in  the  appendec 
table: 

1.  Disher'B  lime,  selected  sample.    {Wamdey,) 

2.  Disher's  lime,  average.  {Lord.) 
8.    Tamer's  lime,  average.               {Lord,) 


Oarbonate  of  lime 

0arboD9te  of  magnesia.. 

Alamina  and  oxide  of  iron 
SHicions  matter 


2 


66J20 

48.28 

.80 

.80 


09.88 


64.56 

48.93 

.46 

.89 


99.86 


£2.70 

43.96 

M 

lil 


9asi 


Dabke  and  Shelby  Counties. 

These  counties  possess  unlimited  capabilities  in  the  way  of  lime- 
production,  so  far  as  the  availability  of  the  Guelph  beds  is  concerned, 
but  neither  is  producing  anything  more  than  local  supplies  at  the  pres- 
ent tima.  The  Sidney  lime  was  at  one  time  an  important  factor  in  the 
Cincinnati  market,  but  the  production  has  been  abandoned  altogether. 

Its  composition  is  shown  in  the  appended  analysis:    {WamUey) 

Carbonate  of  lime 66.00 

Carbonate  of  magnesia 42.92 

Alamina  and  oxide  of  iron 1.80 

SiliciouB  matter trace 

The  Darke  county  limestone  is  peculiar  in  its  excessive  proportion 
of  carbonate  of  magnesia.  The  latter  element  even  exceeds  the  carbon- 
ate of  lime  in  some  instances,  as  is  shown  in  the  following  table  : 


1.  Bierly's  quarry,  near  Greenville. 

2.  Gard's  quarry,  near  Qreenville. 

8.    Northrop's  quarry,  near  New  Madison. 


(Warmley.) 

u 


PBODUOnON  OF  liDfE. 


727 


1 

2 

8 

OfkrV>onAtA  ftf  limA - 

44.69 

60.11 

4.60 

61.80 

46.72 

2.20 

61.70 

Oarbonateof  magnesia • 

Silica,  alumina  and  oxide  of  iron ^ 

46Ji6 
2.70 

99.81 

99.22 

99.66 

The  Greenville  lime  Ib  greatly  valued  where  it  is  used,  on  account 
of  its  whiteness  and  mildness.  The  production  is  not,  however,  large, 
and  is  not  likely  to  be  maintained  under  present  conditions.  The  stone 
mainly  lies  low  in  the  ground,  and  cannot  be  quarried  with  due  ad- 
vantage. 

There  is  a  small  production  of  lime  from  the  Niagara  dolomites  at 
Kirk  wood,  Shelby  county.  A  patent  kiln  of  250  bushels  capacity  is  in 
operation  here.  About  10,000  bushels  of  lime  were  burned  here  in  1887. 
The  stone  is  easily  accessible,  and  of  considerable  thickness.  Produo- 
tion  is  restricted  only  by  the  cost  of  fuel.  It  could  be  indefinitely  ex- 
panded. 

The  Clinton  Limes. 

The  limes  that  have  thus  far  been  described  are  all,  without  excep- 
tion, derived  from  the  Gutlph  beds  of  the  Niagara  limestone.  All  are 
seen  to  agree  in  being  dolomites  of  the  highest  possible  quality,  with 
the  single  and  unexpected  exception  of  the  New  Paris  lime. 

Within  the  geographical  limits  that  have  now  been  traversed,  there 
is  a  small  production  of  a  different  kind  of  lime,  from  a  distinct  horizon 
viz.,  the  Clinton  limestone.  This  production  must  be  briefly  described. 
It  is  found  at  three  localities,  viz.,  near  New  Carlisle,  Clarke  county; 
near  O^born,  Greene  county,  and  at  Piqua,  Miami  county. 

The  lime  manufactured  formerly  by  John  Brown,  near  New  Carlisle, 
and  at  present  by  Brown  &  Sons,  at  the  same  place,  is  well  known 
through  all  that  section  of  the  state  as  one  of  the  purest  and  hottest 
limes  of  southern  Ohio.  The  larger  part  of  the  product  is  consumed  by 
paper  mills,  and  for  this  use  find  it  unequaled.  Much  of  the  stone  is 
as  white  as  marble.  It  is  ground  in  considerable  amount  as  a  substitute 
for  marble  in  the  production  of  carbonic  acid.  It  is,  also,  used  as  a  body 
for  sealing  wax,  in  small  amount. 

The  lime  is  burned  with  wood  and  coal  combined,  about  eighteen 
tons  of  coal  and  fifty  cords  of  wood  being  used  every  month.    Wood  costs 
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$2.60  per  cord.    One  Monitor  kiln,  re-enforoed  by  smoke  stacks,  p- 
duces  the  lime,  the  annual  product  being  25,000  to  30,000  bushels. 

The  lime  is  sold  at  eighteen  cents  per  bushel,  the  price  not  beii: 
gauged  by  the  prices  of  the  magnesian  limes  by  which  it  is  sarroaodr: 
on  all  sides.    The  Brown  quarries  constitute  one  of  the  meet  remarb  i 
ble  bodies  of  rock  in  the  state*  as  is  shown  in  the  following  table : 

1.  Selected  sample— (TTorm^ey). 

2.  Average  of  qoarry— (XorcQ. 


Oarbonate  of  lime , 

Carbonate  of  magnesia 

Alumina  and  oxide  of  iron^.. 
SilidQas  matter 


O6.eo  j  m 

trace   |      M 
99.98    1   m 


A  quite  similar  body  of  rock  of  the  sam^  geological  age  ia  worked 
on  a  small  way  near  Osborn,  Greene  county,  by  George  Haddock.  The 
kiln  is,  however,  located  in  Clarke  county.  The  lime  is  burned  exclo: 
sively  for  the  supply  of  the  Dayton  gas  company.  The  kiln  yields  400 
bushels  and  requires  seven  to  eight  cords  of  wood,  worth  $2.60  per  ooii 
The  lime  is  sold  for  twenty-three  cents  per  bushel.  About  six  feet  of 
stone  are  worked  in  the  quarry  which  lies  on  the  summit  of  the  ridge. 
The  stone  from  one  part  of  the  quarry  has  been  rejected  as  of  VLnsatis- 
factory  quality.  Analysis  shows  this  to  be  a  purer  and  better  rock, 
though  by  a  very  small  difference,  than  the  accepted  stone.  The  Bffiies 
ahowing  composition  are  appended  : 

1.  Best  rock,  Haddock's  quarry— (Xord). 

2.  Rejected  rock,  Haddock's  quarry— (£ord). 


Oarbonate  of  lime 

Oarbonate  of  magnesia 

Alumina  and  oxide  of  iron.. 
Silidous  matter 


WM 

m 

M 

m 

JX 

A 

1.64 

.v 

99.91 
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The  third  source  ot  Clinton  lime  for  the  general  markets  is  that 

.^  ^  produced  by  Cofield  <t  Company,  on  Mrs.  Harrington's  farm,  just  below 

Piqua.    The  kiln  is  a  draw-kiln  of  modern  fashion,  and  yields  300  bushels 

.;     per  day.    The'  product  is  mainly  taken  by  paper  mills.    One  cord  of 

^/  wood  is  counted  as  producing  fifty  bushels  of  lime.    The  cost  of  the 

^    wood  is  12.50  per  cord.    Surface  rock  is  mainly  used  thus  far  in  the  kiln. 

The  composition  of  the  stone  is  shown  in  the  following  analysis :  (Lard) 

Garbonateof  lime... 06.03 

Carbonate  of  magnesia 4.85 

Alumina  and  oxide  of  iron .26 

SiliciooB  matter 45 

100.09 

This  analysis  reveals  the  remarkable  excellence  of  the  best  types  of 
the  Clinton  formation  in  southwestern  Ohio     It  is  only  the  best  phases 
that  are  selected  for  the  lime  manufacture,  and  they  are  almost  invaria- 
bly burned,  when  burned  at  all,  for  special  purposes.    The  Clinton 
limes  make  no  figure  in  the  mortars  of  the  districts  in  which  they  are 
found.    If  they  were  wanted  for  such  purposes,  the  supply  would  be 
^      forthcoming.    Many  other  locations  can  be  pointed  out  beside  those 
^      already  mentioned,  in  which  an  equally  choice  quality  of  the  formation 
is  to  be  found. 

^  (6.)    Lime  Production  of  Highland  and  Pike  Counties. 

An  important  source  of  lime  in  southern  Ohio  has  long  been  found 
in  the  Lower  Helderberg  limestone  on  the  north  side  of  Highland 
'  county.  This  formation  attains  here  its  greatest  excellence,  and  quar- 
ries of  great  value  have  been  opened  at  Greenfield,  Lexington  and 
other  points  on  the  line  of  the  Cincinnati,  Washington  and  Baltimore 
railway  (formerly  M.  &  C.  railway).  The  Greenfield  quarries  are  among 
the  most  extensive  and  valuable  limestone  quarries  in  the  state.  The 
remarkable  evenness  of  bedding*and  uniformity  of  composition  in  the 
stone  found  here  gives  to  it  a  great  advantage  for  many  uses  over  any 
other  stone  in  this  part  of  Ohio.  It  is  coming  to  be  known  as  by  far 
the  best  stone  for  curbings,  crossings  and  footing  courses  that  the 
western  half  of  Ohio  can  supply. 
I  Its  composition  has  been  spoken  of  as  uniform  and  constant.    It  is 

I  this  point  which  renders  it  specially  available  for  lime  production. 
Throughout  its  whole  extent  as  developed  in  this  county,  it  is  a  very 
pure  dolomitic  limestone,  of  the  same  type  as  the  underlying  Guelph, 
which  has  been  already  described.  The  only  qualification  that  deserves 
to  be  made  is  with  reference  to  balls  of  flint  that  occur  very  sparingly 
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in  the  stone  and  to  nodulee  of  black  jack  or  blende  (sulphide  of  zinc] 
that  occurs  with  like  infrequency.  Aside  from  these  insignificant  ei 
ceptions,  the  entire  products  of  the  quarry  are  used;  the  soand  stom 
for  the  various  lines  of  service  already  indicated  and  all  of  thefragmentj 
for  the  lime-kilns  that  are  connected  with  the  quarries.  Tlie  cons^ 
quence  is  that  the  quarries  are  always  swept  and  garnished.  No  aoei 
mulations  of  waste  disfigure  them  and  obstruct  future  operationB,  hi 
everything  that  is  broken  out  of  their  rocky  walls  is  turned  to  accouni 
The  train  that  carries  the  sound  stone  to  market  will  also  carry  a  car  o 
two  of  the  best  of  lime  to  the  same  destination,  the  latter  representii^ 
the  spalls  and  fragments  made  necessary  in  the  disengaging  of  th 
various  grades  of  paving  and  structural  stone. 

The  conditions  of  the  lime  manufacture  that  is  based  on  thi 
stratum  are  thus  seen  to  be  different  from  any  already  described  ii 
southwestern  Ohio. 

Elsewhere  the  lime-producing  stratum  is  entirely  distinct  from  ih^ 
building  stone,  and  needs  to  be  removed  to  expose  the  latter,  bat  here, 
while  the  great  interest  is  in  the  building  stone,  the  lime-production  h 
directly  subsidiary  to  it,  giving  value  to  all  the^  portions  that  elsewhen 
are  a  source  of  trouble  and  expense. 

The  lime  has  not  the  whiteness  of  the  best  grades  of  the  Niagan 
dolomites.  In  all  other  respects  it  is  almost  their  exact  counterpart 
but  it  falls  a  little  below  the  highest  standard  of  excellence. 

The  composition  of  the  Lower  Helderberg  limestone  of  this  section 
is  shown  in  the  following  analyses,  quoted  from  Report  of  Progress,  1870: 

1.  Backer's  quarries,  Greenfield.  Wormley* 

2.  Wright's  quarries,  west  of  Greenfield.     " 

3.  Wright's  qaarries,  Lexington.  " 

4.  Pope's  qaarries,  Leesburg.  " 


Carbonate  of  lime 

Carbonate  of  magnesia 

Alumina  and  oxide  of  iron 

Silicates  of  lime  and  magnesia 
SiUca 


1 


53.67 

42.42 

1.80 

1.44 

1.00 

99.88 


49.90 

44.87 

1.00 

2.98 

1.46 

100.00 


8 


64.10 

41.77 

2.20 


1.80 


99.67 


49.76 
45.77 

.90 
i88 

.69 

100.00 
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In  other  portions  of  Highland  county  the  Guelph  limestone  exhib- 
its its  highest  excellence.  In  the  vicinity  of  Hillsboro,  it  yields  a  lime 
tliat  for  mildness,  whiteness  and  general  excellence  is  unsurpassed  by 
any  limestone  of  this  class  in  the  state  or  elsewhere.  In  fact,  its  qual- 
ity does  not  admit  of  improvement,  within  the  lines  of  composition  in- 
dicated. 

In  Pike  county,  also,  throughout  the  westernmost  townships  and  in 
the  Sunfish  Valley  farther  to  the  eastward,  the  Lower  Helderberg  lime- 
stone yields  a  dolomitic  lime  of  the  same  purity  and  excellence  as  that 
furnished  by  the  Guelph  division  of  Highland  county.  The  possibili- 
ties of  cheap  lime-production  in  the  Sunfish  Valley  are  unequaled  in 
the  state,  barring  the  all-important  matter  of  transportation. 

2.    The  Limb-Production  of  Nobthbbn  Ohio. 

(a)     OUavHi  (inpart)y  Sandvsky,  Seneca^  Hcmcock  and  Wood  Counties, 

Gharacter  of  lime— Magnesian. 

ierberg. 

ara. 


HorizonB  of  lime-{  J^elph^dlSSS      Niagar 


The  surface-rocks  of  many  thousands  of  square  miles  of  northern 

Ohio  cotisist  of  magnesian  limestones  that  are  almost  absolutely  free 

from  the  usual  impurities  of  these  rocks.    These  limestones  belong  to 

two  great  formations,  viz.,  the  Guelph  division  of  the  Niagara  limestone, 

and  the  lower  beds  of  the  Lower  Helderberg  limestone.    The  latter  are 

often  left  in  areas  of  small  extent  and  thickness  upon  the  uppermost 

beds  of  the  Niagara  limestone.    There  is  a  difference  in  the  bedding 

and  fossils  of  the  two  formations,  in  such  instances,  by  which  they  can 

be  readily  separated,  but  in  chemical  composition  they  are  identical. 

The  Guelph  beds,  through  all  of  the  counties  named  above,  are  very 

nearly  uniform  in  composition.     There  is  a  much  smaller  range  of 

variation  than  is  found,  for  example,  in  the  same  series  of  rocks  in 

southwestern  Ohio. 

The  Lower  Helderberg  limestone  has  two  or  three  times  the  thick- 
ness of  the  Niagara,  and  it  is  only  the  lower  portions  of  this  great  sheet 
that  are  found  as  pure  dolomites.  The  middle  and  upper  beds  are  much 
broken  in  composition,  large  deposits  of  gypsum  interrupting  the  lime- 
stone beds.  The  higher  portions  of  the  series  are  for  the  most  part 
hard,  blue  limestones,  containing  a  considerable  percentage  of  the  usual. 
siliciouB  and  clayey  impurities  of  this  grade  of  limestones.  To  this  last 
statement,  however,  there  are  some  conspicuous  exceptions. 

Chemical  analysis  shows  no  differences  between  the  limestones  of 
this  group  that  are  worked  for  lime  manufacture  in  northern  Ohio. 
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Local  variations  can  be  marked,  it  is  true,  in  every  field,  to  a  small  ex- 
tent, bat  the  differences  are  as  great  in  any  extensive  quarry  as  are  the 
differences  between  the  quarries  of  different  counties,  so  that,  in  the 
general  way,  the  entire  series  can  be  regarded  as  one  body  of  rock. 

There  is,  however,  a  firm  belief  in  the  several  lime-burning  cen- 
ters that  different  localities  yield  different  grades  of  lime,  even  where 
chemical  analysis  reveals  no  distinction.  This  belief  does  not  alwayi 
take  the  usual  lorm,  in  which  each  manufacturer  counts  his  own  lime 
clearly  the  best,  but  the  most  observant  and  most  experienced  producen 
often  find  ground  for  believing  that  the  rock  of  particular  localities  pos- 
sesses particular  excellencies.  It  is  a  matter  of  regret  that  these  ques- 
tions could  not  have  been  settled  on  an  adequate  practical  and  scientific 
basis  for  presentation  in  this  discussion,  but,  as  already  stated,  all  these 
magnesian  limestones  of  northern  Ohio  are  substantially  one.  Their 
chemical  unity  will  appear  in  the  analyses  to  be  given. 

Ottawa  County. 
Oenoa. 

This  has  long  been  one  of  the  main  centers  of  lime-prodaction  in 
this  part  of  the  state,  operations  having  been  begun  here  more  than 
twenty  years  ago.  It  still  holds  a  leading  place  in  the  manufacture.  It 
is  situated  on  the  old  road  of  the  Lake  Shore  and  Michigan  Southern 
Railway,  and  has  the  advantage  of  long  lines  in  the  distribution  of  its 
products.  Both  of  the  geological  horizons  named  above  are  exposed 
here,  and,  in  a  few  instances,  both  occur  in  the  same  quarry.  The  Drift 
is  very  light  in  this  vicinity,  and  next  to  no  stripping  is  needed  in 
reaching  the  rock. 

The  parties  now  engaged  in  burning  lime  are  the  following,  viz.: 

A.  L.  Newman,  three  kilns. 

Wyman,  Gregg  &  Co.,  three  kilns. 

Wm.  Habbeler,  two  kilns. 

Frank  Holt,  one  kiln. 

In  addition  to  the  kilns  named  above,  which  are  all  draw-kilns  of 
modern  construction,  there  are  scattered  around  near  the  quarries  numer- 
ous pot-kilns  of  the  earlier  day,  in  various  stages  of  dilapidation,  some 
of  which  could,  however,  be  easily  made  serviceable  in  case  any  eme^ 
gency  should  arise. 

The  Newman  quarries  can  be  taken  as  representative  of  the  district. 
They  are  worked  to  a  depth  of  twenty  feet.  The  stone  exposed  in  this 
section  is  divided  into  two  divisions,  viz.,  the  cap-rock,  which  is  also 
called  the  honey-comb  rock,  and  the  bottom-rock.    The  maximum  thick- 
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ess  of  the  former  is  ten  feet ;  of  the  latter,  twelve  feet.  The  honey- 
Dmb  rock  ib  also  divided  into  an  upper  and  lower  portion,  the  upper 
ortion  frequently  cutting  out  the  lower  by  overlap.  The  honey-comb 
ock  is  of  the  sort  called  unstratified.  It  gets  its  name  from  the  numer- 
>Ti8  cavernous  spaces  that  it  contains.  No  lines  of  deposition  are  ap- 
parent  in  the  mass.  It  is  immediately  covered  by  the  thin  and  even 
^eds  of  the  Lower  Helderberg,  or  Waterlime  division,  carrying  the  char- 
acteristic fossil,  Lqperditia  alta.  These  layers  come  into  view  in  adjacent 
openings  of  the  rock.  The  strata  exhibit  many  marks  of  minor  dis- 
turbance, being  in  this  respect  in  marked  contrast  to  the  beds  of  the 
same  age  in  southern  Ohio,  where  a  high  degree  of  regularity  of  structure 
prevails. 

The  boundary  between  the  caprock  and  bottom- rock  is  very  distinct 
in  the  quarries.  The  last-named  division  is  found  in  rather  ill-defined 
layers  or  beds.  It  is  highly  iossiliferous,  Trimerella,  MonomereUa^  PentO' 
7neru8j  being  found  in  it  in  great  perfection  as  internal  casts,  together 
with  a  score  of  other  well-known  fossils  of  this  prolific  horizon.  The 
bottom-rock  carries  numerous  small  deposits  of  heavy  spar  in  its  fissures, 
which  are  sometimes  blackened  by  the  action  of  the  heat  of  the  kjlns. 

In  the  adjoining  quarries  of  Wyman  &  Gregg,  the  Lower  Helder- 
berg limestone  makes  the  surface-rock,  and  the  bottom-rock  of  the  New- 
man quarries  is  not  reached  at  all  in  the  excavations. 

In  the  Habbeler  quarries,  a  thin  cap  of  Waterlime  (Lower  Helder- 
berg) is  found  covering  the  honeycomb  rock  of  the  Newman  quarries. 
The  main  lime-production  is  from  the  last  named  sheet. 

The  Holt  quarries,  which  lie  a  mile  east  of  the  railroad,  have  yield- 
ed an  enormous  amount  of  lime  during  the  twenty  years  in  which  they 
have  been  worked.  Six  acres  have  been  quarried  in  this  time  down  to 
the  limits  of  convenient  drainage.  The  average  depth  is  about  ten 
feet.  The  rock  is  wholly  Gueiph  (Niagara),  and  the  usual  profusion  of 
its  characteristic  fossils  is  found  in  it.  The  lime  has  the  reputation  of 
unusual  excellence,  and  has  long  commanded  permanent  markets  for 
itself. 

The  kilns  used  at  Genoa  are  all  draw-kilns  of  modern  type,  and  sev- 
eral of  them  are  provided  with  steam-hoists  that  raise  the  stone  from 
the  adjacent  quarries.  They  are  all  so  situated  as  to  have  the  advan- 
tages of  excellent  railroad  facilities,  except  the  last  named,  which  has, 
however,  thriven  well  without  such  advantages  up  to  the  present  time. 
Steam  drills  are  in  use  in  the  quarries,  and  steam  pumps  of  necessity. 
The  waste  of  the  quarries  in  small  stone  is  considerable.  It  makes  a 
medium  quality  of  road  metal. 

Wood  is  universally  used  in  burning  the  lime.    A  trial  of  coal  was 
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once  made -here,  but  it  was  not  counted  successful.  The  supply  of  w^x 
has  heretofore  been  abundant,  but  the  longer  hauls  necessitated  by  Ue: 
ty  years  of  active  operations  begin  to  affect  the  price.  ItcanBtill'^ 
bought,  however,  for  $1.50  per  cord.  Six  cords  of  wood  are  connuc 
sufficient  to  burn  100  barrels  of  lime.  A  barrel  holds  two  and  br 
eighths  bushels,  and  seventy  pounds  are  counted  to  the  bushel.  TLv 
cost  of  the  barrel  ranges  from  sixteen  to  twenty  cents.  Hard  wood  i: 
mainly  employed,  red-oak,  elm  and  cotton  wood  being  the  main  reliance 
A  cooper  shop  is  a  necessary  appendage  to  a  kiln. 

The  Genoa  lime  has  every  excellence  of  the  class  to  which  it  h- 
longs.  There  are  no  whiter,  milder,  purer  dolomitic  limes  anywhere 
than  those  which  have  made  the  name  of  this  town  famous  throng 
northwestern  Ohio  and  Michigan. 

Slight  differences  can  be  observed  in  the  limes  from  the  diffeiei:: 
sources  already  described.  The  lower  portion  of  the  cap-rock  of  th: 
Newman  quarry  is  to  be  counted  as  the  most  perfect  type,  according  ^ 
the  results  of  analysis,  of  the  dolomites  of  the  state.  The  entire  lim^ 
of  the  cap-rock  has,  when  fresh  slaked,  a  very  delicate  pinkish  tint, 
which  is  characteristic.  The  difference  between  it  and  the  surrounding: 
rock  is,  however,  very  slight,  and  would  be  entirely  inappreciable  ic 
most  practical  tests.  The  bottom-rock  is  counted  by  the  burners  as  "hot- 
ter" than  the  cap-rock,  slaking  quicker  and  being  a  little  sandy,  bntii 
is  impossible  to  find  in  the  results  of  analysis  any  hints  of  such  chhm- 
teristics. 

In  the  following  table  the  composition  of  the  limestones  from  tk 
leading  quarries  is  given : 


1.  Cap-rock,  Newman.  {Lord,) 

2.  Bottom-rock,  Newman.  {Lord,) 
8.  Main  rock,  Wyman  &  Qregg.  (Lord.) 
4.  Main  rock,  Habbeler.  (Lord.) 
6.  Main  rock,  Holt  (Lord,) 


1 

2 

8 

4       1     5 

OftrhnnflfA  ftf  linriA   

56.97 
44.27 

sts 

.04 

68.04 

46.01 

M 

.22 

54.80 

45.14 

.16 

.28 

66M 

48.67 

.42 

Mil 

Oarbonate  of  maimeBia.. 

45J0S 

Alaminaand  oxide  of  iron 

Silicions  matter 

M 

M 

100.61 

99.78 

99.88 

99.96 

\m 
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There  is  no  other  record  in  the  state  that  is  quite  equal  to  this. 
The  magnesian  limes  reach  their  highest  mark  in  the  cap-rock  of  Genoa. 
It  will  be  observed  that  the  total  impurities  in  limestone  number  one, 
of  this  table,  are  but  one-fourth  of  one  per  cent.,  and  in  none  of  the 
Genoa  limes  do  the  impurities  make  an  aggregate  of  three-fourths  of 
one  per  cent. 

Lime  is  burned  at  several  other  localities  in  Ottawa  county,  in  the 
large  way,  viz.,  at  Clay  Center,  Rocky  Ridge,  and  Limestone  Station. 

The  quarries  and  kiln  at  Clay  Center  are  owned  by  W.  B.  Scott  & 
Company,  of  Toledo.    A  production  of  about  26,000  barrels  of  lime  was 
reported  for  1886.    The  kiln  is  located  on  the  railroad,  but  the  quarry 
is  distant  an  eighth  of  a  mile  to  the  north.    The  rock  burned  here  is 
exclusively  the  Guelph  division  of  the  Niagara.    There  is  a  face  in  the 
quarries  of  about  fifteen  feet,  and  all  of  the  rock  exposed  is  counted  fair- 
ly uniform  in  quality,    A  peculiarity  of  this  quarry  is  the  large  amount 
of  barite,  or  heavy  spar,  that  is  found  in  pockets  that  are  irregularly 
and  sparingly  distributed  through  the  rock.    Certain  points  in  the 
quarry  are  abandoned  at  times  on  account  of  the  prevalence  of  the  spar. 
The  latter  is  frequently  found  filling  the  cavities  of  the  large  fossils  that 
occur  here,  and  particularly  the  shells  of  Megalomvs  Ocmadensis.    The 
only  points  in  the  state  where  the  shells  of  this  remarkable  fossil  occur 
are  in  Ottawa  county,  and  they  are  especially  well-shown  at  Clay  Cen- 
'      ten    The  character  of  the  lime  is  very  similar  to  that  already  reported. 
The  lime-production  at  Rocky  Ridge  is  in  the  hands  of  Messrs. 
Kingham  and  Smith,  each  of  whom  makes  use  of  the  lowest  beds  of  the 
Lower  Helderberg  limestone.    The  location  of  the  quarriesis  such  that 
eight  to  fifteen  feet  of  the  latter  formation  are  found  here,  resting  upon 
the  so-called  Salina  formation  oi  the  earlier  reports.    A  foot  or  two  of 
carious  limestone,  charged  heavily  with  petroleum  and  asphaltic  matter, 
underlies  the  Lower  Helderberg  formation  in  this  immediate  vicinity. 
The  latter  is  known  as  the  caprock.    In  Dr.  Kingham's  quarries  a 
maximum  of  fifteen  feet  of  it  is  found ;   in  the  Smith  quarries,  it  does 
^      not  exceed  eight  feet.    The  stone  lies  in  a  disturbed  condition,  the  pre- 
'      vailing  pitch  being  north  thirty-five  degrees  east,  and  the  rate  of  descent 
varying  between  two  and  four  degrees.    Dr.  Kingham  has  opened,  at  a 
'^      single  point,  a  still  lower  stratum,  which  consists  of  a  blue,  highly- 
i|.'      crystalline,  nonfossiliferous  rock  that  is  said  to  burn  into  a  superior 
lime. 

The  average  composition  of  the  Rocky  Ridge  limestone  (Lower 
^      Helderberg),  as  sampled  in  Dr.  Kingham's  quarry,  is  as  follows.    {Lard.) 
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Garbonate  of  lime 6110 

Carbonate  of  magnesia ^  ........  4427 

Alumina  and  oxide  of  iron 29 

SiUciouB  matter 87 

99J»       I 

These  figures  show  that  the  lime  is  of  the  same  excellent  type  u 
that  already  described. 

At  Limestone  Station,  on  the  Wheeling  &  Lake  Erie  Railway,  i 
well-located  and  well-equipped  lime  plant  has  been  recently  established 
the  most  modern  and  complete,  in  fact,  in  the  county.  It  coneists  d 
two  kilns  of  the  Monitor  pattern,  with  fire>blrick  walls,  supported  by 
red  brick  lining.  The  kilns  have  a  daily  capacity  of  seventy-five  bar- 
rels each.  The  entire  works  are  under  one  roof,  and  thus  admit  of  the 
greatest  economy  of  labor. 

The  Waterlime,  or  Lower  Helderberg  limestone,  is  found  here  with 
the  usual  excellence  of  the  bottom  courses  of  this  formation.  In  fact 
it  weathers  to  a  lighter  color  here  than  at  most  other  points  in  the  re- 
gion. It  is  covered  with  a  very  light  coat  of  drift,  and  there  are 
considerable  areas  in  the  vicinity  in  which  the  stone  constitutes  the 
surface.  The  quarries,  which  are  worked  to  a  depth  of  eleven  feet,  are 
opened  directly  adjoining  the  kilns,  and  steam  is  employed  in  hoislios 
the  stone,  as  well  as  in  keeping  down  the  water.  Wood  is  plenty  ou  all 
sides,  and  a  supply  for  several  years  is  assured  at  $1.00  per  cord,  tbe 
quality  of  the  supply  being  unusually  good. 

The  average  composition  of  the  limestone  is  shown  in  the  foUowiof 
table :    {Lord) 

Carbonate  of  lime 64.11 

Carbonate  of  magneaia ^  44.79 

Alumina  and  oxide  of  iron Jtt 

Silicious  matter 3S 


Total. 


With  all  the  advantages  here  indicated,  viz.,  the  cheapest  and  bes! 
fuel  of  the  field,  the  most  modern  and  efficient  plant  and  a  limestone  if 
good  as  the  best^  it  is  evident  that  lime  can  be  burned  here  to  advantafe 
as  long,  at  least,  as  anywhere  in  this  section  of  the  state,  the  single  bet 
important  exception  of  the  natural  gas  towns  being  recognized. 

It  is  obvious  that  the  possibilities  of  lime-production  in  Ottawi 
county  are  absolutely  unlimited,  so  far  as  the  most  accessible  euppli^ 
of  the  purest  of  dolomites  is  concerned.  The  limitations  comeontlit 
side  of  fuel,  and  in  connection  with  transportation. 
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Sandusky  County. 

Magnesian  limes  are  burned  in  the  large  way  at  Fremont,  Gibson- 
burg  and  Woodville. 

At  Woodville,  H.  Rancamp  &  Company  are  producing  176  barrels 
of  lime  per  day  in  two  draw-kilns.  Their  consumption  of  wood  amounts 
to  twelve  to  thirteen  cords  per  day.  The  annual  production  of  the  kilns 
for  1885  was  40,000  barrels.  The  markets  of  the  lime  are  almost  entire- 
ly to  the  southward.  A  considerable  amount  is  used  in  Pittsburgh  and 
Bellaire  in  glass  manufacture,  to  which  it  is  declared  to  be  especially 
adapted.  The  section  of  the  quarry  from  which,  the  limestone  is  taken 
is  twenty4wo  feet.    All  belongs  to  the  Niagara  formation. 

The  average  composition  of  the  limestone  is  as  follows :    {Lord) 

Carbonate  of  lime 68.60 

Carbonate  of  magnesia 46.79* 

Alamina  and  oxide  of  iron Sd* 

Silidons  matter ,., 81 

Total 9dM 

At  Gibsonburg,  there  are  also  three  kilns,  established  on  well- 
ordered  quarries  of  the  Niagara  limestone.  The  character  of  the  lime 
agrees,  in  all  respects,  with  that  already  described  from  this  section. 

Much  the  largest  lime-production  of  the  county  comes  from  Fre- 
mont, where  a  magnesian  lime  of  an  excellence  unequaled,  except  in 
the  contiguous  areas  of  northern  Ohio,  has  long  been  produced.  The 
stone  that  is  burned  belongs  to  the  basal  portion  of  the  Lower  Helder- 
berg  formation.  It  seems  probable  that  it  is  from  the  lowermost  beds, 
which  are  separated  from  the  Niagara  limestone  only  by  the  thin  shale 
parting  of  greenish  color  that  has  passed  for  some  time  in  our  geology 
under  the  name  of  the  Salina  shale.  The  quarries  are  worked  to  a 
maximum  depth  of  thirty  feet.  There  are  considerable  areas  in  which 
no  stripping  is  required,  the  limestone  rising  to  the  surface. 

The  quarrying  and  burning  are  carried  on  upon  a  considerable  scale 
by  Noble  &  Company,  and  by  Gottron  Brothers. 

The  increasing  cost  of  wood  at  Fremont  has  subjected  this  industry 
to  a  growing  disadvantage  in  competition  with  numerous  other  points 
in  the  country  around,  in  supplying  lime  to  the  general  markets.  The 
price  of  wood  has  risen  here  to  $2.50  per  cord,  while  other  kilns  in  the 
vicinity  are  furnished,  as  has  been  already  shown,  with  wood  at  $1.00 
per  cord.  Competition  becomes  more  and  more  difficult  under  these  con- 
ditions. If  there  were  any  decided  superiority  in  the  limestone  quarried 
47        G. 
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«t  Fremont,  relief  might  be  found;  bat  while  this  limestone  ie 
as  the  best,  there  are  several  thousand  square  miles  of  limoston< 
or  more  of  feet  in  thickness,  that  can  furnish  lime  indistin^^ 
from  the  Fremont  lime  in  any  respect  whatever. 

The  search  for  natural  gas  at  Fremont  has  been  continDf 
great  persistency  and  great  outlay,  by  Noble  &  Company,  large] 
reference  to  their  important  interests  here  in  lime-productioz; 
ihome  supply,  it  seems  safe  to  say,  in  view  of  this  costly  sKplorat 
inadequate  to  lime-burning  on  a  large  scale.  Gas  brought  in 
JNorthwestern  Company,  from  the  gas  fields  of  Hancock  oountyy 
introduced  by  this  firm  into  their  kilns,  with  great  satisfaction, 
understood. 

The  composition  of  the  limestone,  from  the  two  prominent  s^ 
of  Fremont  lime,  is  given  below : 

1.  Fremont  limestone,  Noble  &  Company.    (Lord.) 

2.  Fremont  limestone,  Gottron  Brothers.      (Lord.) 

Carbonate  of  lime 54.06 

Carbonate  of  magnesia ;  46.30 

Alumina  and  oxide  of  iron ,  J^ 

Silicioos  matter \  -74 


100i!7 


Sbneca  County. 

The  magnesian  lime- production  of  Seneca  county  is  chieBya 
tcred  at  Tiffin,  Kansas,  Bettsville  and  Fostoria.  A  small  quantity 
lime  of  the  calcareous  division  has  been  for  some  time  manufacture^^ 
Bloom  ville,  from  the  outcrop  of  the  Upper  Helderberg  limestone  at  li 
place. 

Bettsville  produces  a  lime  of  excellent  repute,  from  quarrie? 
Niagara  limestone  that  are  worked  to  a  depth  of  twenty  or  twenty-: 
feet.    There  are  two  draw-kilns  in  operation  here. 

Kansas  has  a  single  draw-kiln,  which  was  supplied  for  some  t:::' 
with  the  loose  rock  that  lay  in  bowlders  over  the  surface  of  the  coudK 
The  lime  produced  has  the  usual  character  and  excellence  of  the  bor 
zon,  viz.,  the  Niagara  limestone. 

Lime  has  been  burned  for  local  use  in  small  pot-kilns  in  and  n*' 
Tiffin  from  an  early  day.    Both  the  Niagara  and  Waterlime  areexpo^ 
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^  here,  and  the  lime  manufactured  possesses  the  characters  that  have  been 

already  found  in  the  strata  that  belong  at  this  line  of  junction. 

-  The  largest  production  of  the  county  is  at  Fostoria.    A  fine  body  of 

Niagara  limestone,  advantageously  situated  for  quarrying,  is  exposed 

■  here.    The  average  composition  of  the  stone  used  for  lime*burning  is  as 

i  follows :    {Lord) 

^  Carbonate  of  lime 66.41 

Carbonate  of  magnesia 4198 

Alumina  and  oxide  of  iron 28 

:  Silicioofi  matter  42 

Total 99.09 

:  These  figures  show  that  there  is  little  or  nothing  left  to  be  desired 

in  the  character  of  the  limestone.  Like  all  the  other  representatives  of 
the  formation  within  this  group  of  counties,  it  makes  a  close  approach 
to  perfection,  as  a  source  of  dolomitic  lime. 

The  parties  engaged  in  the  production  are  John  A.  Bradner,  Esq., 
^  and  Dwight  P.  Lloyd.    Wood  has  now  been  superseded  by  natural  gas. 

Hi  as  a  fuel  in  the  kilns.    Two  and  one-half  cords  were  used  under  the 

^j  former  system  of  burning  in  making  seventy  barrels  of  lime,  the  wood 

costing  81.50  per  cord.  Much  of  the  lime  finds  an  eastern  market,  par- 
ticularly along  the  line  of  the  Baltimore  and  Ohio  Railway.  It  has 
been  used,  with  approval,  in  the  glass  manufacture  of  eastern  Ohio  and 
western  Pennsylvania,  and  later  in  the  important  glass  manufacture 
i'  that  has  recently  sprung  up  in  the  new  gas-fields  of  Ohio. 

Gas  from  the  pipe  lines  has  recently  been  introduced  into  the  kilns 
by  Mr.  Bradner,  and  its  use  is  reported  as  giving  great  satisfaction. 

Wood  County. 

- '  Within  the  limits  of  Wood  county,  lime  is  now  burned  for  the  gen- 

>  eral  markets  at  the  following  points,  viz..    Bowling  Green,  Portage, 

Rising  Sun,  and  Luckey.  It  is  produced  at  several  other  points  in  a 
smaller  way.    The  entire  production  is  derived  from  the  Niagara  lime- 

•: '  stone,  which  is  exposed  in  many  square  miles  of  the  county  as  literally 

:i  the  surface  rock,  no  accumulations  whatever  of  drift  covering  or  obscur- 

ing it.    The  possibilities  of  lime-production  in  the  county,  so  far  as  the 

;.:  supply  of  a  pure  dolomite  is  concerned,  are  absolutely  without  limit. 

The  Niagara  limestone  is  known  to  have  substantially  the  same  charac* 

^,i.  ter  for  20C|  feet  or  more  in  thickness.  Samples  of  the  drillings  taken 
from  the  deep  wells  recently  sunk  at  various  points  within  the  county, 

< ,;.         agree  fairly  well  in  composition  with  the -surface  rock.    This  is  shown 

,^.i*         in  the  following  table : 
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1.    Niagara  limestone,  surface,  Bowling  Green.    (Lordi. 

3.    ]Niagara  limestone,  210  feet  deep,  Bowling  Qreen.    (Lord). 

8.    Niagara  limestone,  260  feet  deep.  Bowling  Green.    {Lord). 


Carbonate  of  lime 

Carbonate  of  magnesia.. 

Alumina  and  oxide  of  iron.. 
Silicioufl  matter 


63.98 

43.26 

0.40 

1.63 


99.16 


2 


49.19 
40.81 


7.76 


6i.e2 

4L0S 


m 


These  lower  portions  of  the  stratum  do  not  appear  to  be  a6  pure  as 
the  surface  rock,  it  is  true,  but  it  is  quite  likely  that  if  there  were  ex- 
posed sections  of  the  entire  series,  parts  of  it  would  be  found  as  good  as 
any  that  now  makes  the  surface.  This  belief  seems  warranted  by  the 
character  of  the  lower  portions  of  the  Guelph  division  in  its  outcrops 
to  the  southward. 

As  it  is,  ten  to  thirty  feet  of  rock  are  easily  accessible  at  number- 
less points  along  railroad  lines  within  the  county,  which  will  furnish 
an  inexhaustible  supply  of  the  magnesian  limes  for  which  this  portion 
of  northern  Ohio  is  justly  famous. 

At  Rising  Sun,  located  on  the  Columbus,  Hocking  Valley  and  To- 
ledo railway,  an  important  lime-production  has  been  maintained  since 
the  railroad  was  first  opened.  The  leading  producers  of  Ottawa  countr, 
as  soon  as  the  new  lines  of  road  were  established  through  Wood  countr, 
took  possession  of  the  more  promising  portions  of  the  field,  and  thus 
guarded  the  older  centers  for  a  while  against  a  disastrous  or  destructive 
competition  which  could  easily  arise  from  the  more  abundant  fuel  and 
cheaper  stone  which  the  new  districts  would  at  first  command. 

Wyman,  North  and  Company,  of  Genoa,  built  up  and  still  contrcl 
the  Rising  Sun  lime-production  and  also  the  production  of  Luckey  Su- 
tion  on  the  Toledo  and  Ohio  Central  railway. 

At  Rising  Sun,  the  Niagara  limestone  rises  to  the  surface  on  a  large 
scale.  A  foot  or  two  of  the  uppermost  beds  are  generally  so  discolored 
as  to  be  rejected,  but  aside  from  this,  there  is  no  waste  whatever  except 
in  small  stone,  which  can  generally  be  got  rid  of  for  road  metal.  The 
rock  is  found  in  rather  massive  sheets,  which  break  very  irregularly- 
The  quarries  are  worked  to  a  depth  of  twenty-two  feet  below  the  sur 
face.    Strong  springs  of  water  are  found  within  this  depth,  but  no  greA> 
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expense  is  needed  to  keep  them  down.    The  lime  was  first  burned  in 

pot-kilns,  but  the  main  reliance  is  now  on  a  draw-kilu  with  a  daily 

capacity  of  a  little  more  than  100  barrels.    The  kiln  is  drawn  three 

^=         times  in  twenty-four  hours.    Six  cords  of  wood  are  required  to  produce 

\  100  barrels  of  lime,  the  price  per  cord  ranging  from  $1.20  to  $1.50;  it 

_  is  generally  $1.25.    The  cost  of  barrels  is  eighteen  cents,  counting  in 

f.  the  labor  of  filling.    The  cost  of  producing  a  barrel  of  lime  on  this 

basis  is  about  forty- two  cents. 

The  lime  is  not  quite  as  white  as  Genoa  lime,  but  it  still  com- 
mands a  good  market.    It  also  finds  ics  way   to  the  glass  works  of 
:i  western  Pennsylvania,  but  its  best  use  is  as  a  plastering  lime. 

_^  The  composition  of  the  stone,  sampled  from  the  entire  face  of  the 

quarry  is  given  below:    (Lord) 


P3:*.:>i 


,  wi:::  ^ 

[ire::- 
yre  a"--' 


VUt* 


'k' 


Carbonate  of  lime 63.21 

Cjirbonate  of  magnesia.. 46.87 

Alumina  and  oxide  of  iron..... 63 


it- :?  Silicioua  matter 57 

••*  99.78 


The  lime  interest  of  Luckey  Station,  which  dates  back  only  five  or 
six  years,  is  in  part,  in  the  same  hands  as  the  Rising  Sun  production, 
belonging  to  Wyman,  Gregg  &  Co.,  of  Genoa.  They  have  established  a 
draw-kiln  here  in  which  about  seventy  barrels  of  lime  are  burned  each 
day.  Messrs.  Krotzer  and  Rothenbuhler  also  burji  lime  on  their  respec- 
tive farms,  in  old-fashioned  kilns.  The  former  makes  use  of  two  kilns 
with  a  combined  capacity  of  about  1,300  bushels,  for  burning  which 
twenty-one  to  twenty-two  cords  of  wood  are  required.  The  cost  of  wood 
at  present  is  $1.25  per  cord.  Mr.  Rothenbuhler  burns  his  lime  in  a  600* 
bushel  kiln,  which  requires  ten  to  twelve  cords. 

The  lime  is  counted  peculiarly  excellent,  if  degrees  can  be  recog- 
nized where  all  is  so  good.  The  Luckey  lime  is  as  white  as  the  best 
phases  of  Genoa  lime  and  is  famous  for  the  putty  coat  it  yields.  It  is 
said  to  show  no  chip  cracks  whatever.    Tested  between  two  plates  of 

^t  ^-^        glass,  it  proves  as  smooth  as  butter. 

t'jpi:*  rjijj^  composition  of  the  Luckey  limestone,  as  sampled  from  the 

uct:^^'        largest  quarry,  comes  fully  up  to  the  standard,  but  the  figures  do  not 
reveal  any  ground  on  which  claims  of  peculiar  excellence  can  be  justi- 

thev'^*        fied.    The  results  of  analysis  are  as  follows;    (^Lard) 

Carbonate  of  lime '. 64.20 


;j;;e»  Carbonate  of  magnesia 44.44 

Alamina  and  .oxide  of  iron .36 

SiliciooB  matter 48 


99.42 


742  GEOLOGY  OF  OHIO. 

It  will  be  observed  that  these  figures  approach  the  typical  figures 
for  dolomite  a  little  more  closely  than  any  of  the  analyses  already 
quoted. 

The  lime-production  of  Bowling  Green  and  Portage  remains  to  be 
described  in  this  connection.  The  leading  facts  have  been  already 
given,  in  the  account  of  the  development  and  utilization  of  the  natural 
gas  supply  of  these  towns.  (Pages  162-5.)  It  is  upon  this  supply  that 
the  new  industry  is  established* 

Bowling  Green  now  has  two  thoroughly-equipped  lime-producing 
plants,  and  Portage,  one.  Each  plant  includes  a  quarry,  two  patent 
kilns,  and  excellent  shipping  fkcilities.  The  composition  of  the  Niagara 
limestone  in  this  district  has  been  already  given  on  a  preceding  page, 
but  to  facilitate  comparison,  it  will  appear  here  in  its  proper  place. 
Carefully  sampled,  ten  feet  of  W.  S.  Thurstin's  quarry,  at  Bowling 
Green,  gave  the  following  results :    (Lord) 

Carbonate  of  lime 63.98 

Carbonate  of  magnesia 48.25 

Alnmina  and  oxide  of  iron. ^0 

Silicioas  matter 1jB8 

Total 99.16 

These  figures  do  not  stand  for  the  highest  possible  phases  of  the 
Niagara  limestone,  but  they  represent  a  lime  of  the  best  of  the  Spring- 
field or  southern  type,  and  good  enough  for  every  use.  It  has  found  its 
way  already  to  distant  markets,  competing  with  the  limes  of  the  soath- 
ern  counties  in  Cincinnati  and  elsewhere.  When  first  put  upon  the 
market,  there  was  a  good  deal  of  complaint  of  underburning  for  a  part 
of  the  stone  and  of  everburning  for  other  portions.  The  wood-burned 
lime  took  advantage  of  this  defective  product,  and  was  able  to  regain  a 
good  many  of  the  markets  from  which  the  cheaper  product  had  begun 
to  exclude  it.  But  experience  soon  showed  to  those  who  were  trying 
the  new  fuel,  the  way  of  safety  and  success,  and  gas-burned  lime  of 
thoroughly  approved  quality  is  now  taking  its  place  everywhere  in  the 
markets.  It  has  come  to  stay,  as  long  as  natural  gas  stays.  The  cost  of 
the  one  element  of  fuel  is  reduced,  by  the  use  of  gas,  from  two  to  nine 
cents  per  bushel,  at  the  Bowling  Green  rates,  as  compared  with  the  cost 
of  production  elsewhere  in  the  state.  At  Portage  the  disparity  is  even 
greater.  Mr.  McMahan  first  drilled  a  gas  well,  which  yielded  a  vigor- 
ous supply.  He  then  built  near  by  it  two  draw-kilns,  to  obtain  their 
fuel  from  the  well.  The  well  was  cheaply  drilled,  and  thus  far  has  re- 
quired no  additional  outlay  whatever.    If  the  flow  is  maintained  for 
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several  yaars,  one  of  which  has  already  passed,  it  is  obvious  that  the 
fixed  charge  for  fuel  will  shrink  to  an  insignificant  figure. 

Conditions  like  these  are  revolutionary.  It  seems  impossible  for 
wood-burned  lime,  and  particularly  that  of  the  magnesian  variety,  to 
retain  its  hold  in  this  portion  of  the  state  against  such  odds.  If  the 
companies  manufacturing  lime  by  the  use  of  gas  were  ready  to  main- 
tain prices  and  enjoy  for  a  while  the  extravagant  profits  which  they 
could  in  that  case  command,  the  evil  day  might  be  postponed  for  a  little 
while;  but  with  the  promise  of  profits  so  large,  the  manufacture  would 
be  sure  to  grow  so  rapidly  as  to  speedily  overstock  the  market,  and  com- 
petition would  necessarily  arise  within  the  ranks  of  the  producers.  The 
lime-producers  who  use  natural  gas  in  calcination  will,  for  the  present, 
undersell  the  wood-burned  lime  as  much  as  they  need  to,  in  obtaining 
a  market.  The  price  of  lime  will  fall  still  further,  when  vigorous  com* 
petition  arises  in  the  ranks  of  the  new  producers. 

Hancock  County. 

Lime  is  burned  on  the  large  scale,  at  the  present  time,  at  but  on» 
point  in  the  county,  viz.,  at  Findlay.  Two  establishments  here  are 
turning  out  lime  in  quite  large  quantities.  The  Barnd  kilns  are  located 
on  the  southeast  side  of  the  town,  on  a  prominent  ridge  of  the  Lower 
Helderberg  limestone,  that  passes  through  the  county.  The  two  or 
three  pot-kilns  located  here,  that  have  long  supplied  the  local  demands 
of  Findlay  with  a  lime  of  approved  quality,  after  natural  gas  was  dis- 
covered, were  forthwith  connected  by  a  small  pipe  line  with  a  well 
drilled  near  by  for  this  special  purpose.  No  change  was  introduced  into 
the  manufacture,  except  in  the  one  element  of  fuel.  So  far  as  known, 
the  Barnd  kilns  are  the  only  kilns  of  the  old  type,  in  the  state,  into 
which  gas  has  been  introduced. 

Mr.  Barnd  claims  that  the  quality  of  the  lime  is  unchanged  by  the 
use  of  the  new  fuel  in  burning.  He  finds  none  of  the  difi&culties  re- 
ported by  the  draw-kilns  in  regard  to  everburning  or  underburning,  at 
least,  no  new  difi&culties  introduced  by  the  change  of  fuel. 

The  face  of  the  quarry,  as  it  is  here  worked,  is  about  eight  feet. 
The  stone  is  not  entirely  homogeneous  in  character,  and  some- 
selection  is  necessary.  The  horizon  of  the  stone  is  near  the  bottom,  but 
not  at  the  very  bottom,  of  the  Lower  Helderberg  division. 

The  composition  of  the  approved  quality  is  given  below  (1),  and 
also  the  analysis  of  some  of  the  courses  that  are  rejected  as  making  a 
very  inferior  lime  (2).    The  results  of  analysis  are  as  follow^:    (Lord} 
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Carbonate  of  lime 

Carbonate  of  magnesia 

Alumina  and  oxide  of  iron 
Silicious  reaidae 


The  failure  of  the  latter  sample  to  make  a  marketable  lime  is  suffi- 
ciently explained  by  its  composition.  If  this  composition  could  be  de- 
pended on  as  constant,  it  would  be  easy  to  adapt  some  mode  of  burning 
lo  the  stone  that  would  produce  a  hydraulic  lime  of  more  or  less  value. 
No  constancy  in  composition  is  to  be  expected,  however. 

The  character  of  the  lime  is  seen  to  be  good,  though  not  reaching 
the  extreme  purity  that  has  been  reported  from  a  few  localities  in 
northern  Ohio.  The  lime  is  highly  approved  in  Findlay  and  through 
the  surrounding  country. 

A  modern  plant,  consisting  of  two  draw-kilns,  which  has  been 
established  in  the  town  during  the  last  year  by  C.  H.  Hall,  Esq.,  is  now 
producing  gas-burned  lime  successfully.  The  stone  burned  is  the  Lower 
Helderberg  limestone,  which  is  found  at  the  depth  of  a  few  feet  below 
the  surface.  It  is  likely  to  agree  closely  with  the  Barnd  stone  already 
reported  in  composition. 

Lime  has  been  burned  for  a  railroad  market  for  the  last  few  years  at 
Carey,  in  Wyandot  county.  The  stone  here  used  is  the  Niagara  lime- 
stone in  one  of  the  whitest  and  purest  phases  that  it  assumes  in  the 
state.  The  lime  is  of  the  highest  possible  quality,  the  total  impurities 
falling  below  one  per  cent.  The  lime  has  reached  the  Columbus  mar- 
ket, where  it  has  displaced  for  use  in  the  **  white  coat"  of  the  plasterers, 
the  Columbus  lime  to  some  extent. 

In  Bath  township,  Allen  county,  the  lower  portion  of  the  Water- 
lime  (Lower  Helderberg  series)  is  burned  for  lime  on  quite  a  large  scale 
by  Mr.  G.  W.  Fetters,  the  product  of  his  kilns  finding  its  entire  market 
in  the  adjacent  town  of  Lima,  where  it  is  used  both  for  mortar  and  in 
the  extensive  strawboard  works  that  are  established  here.  The  compo- 
sition of  the  stone  used  in  burning,  as  carefully  sampled  from  the  ten 
feet  of  the  quarry  on  which  the  main  dependence  is  placed,  is  as  fol- 
lows:   (Lord) 
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Carbonate  of  lime 63.69 

Carbonate  ;of  magnesia ^ 46.00 

Alnmina  and  oxide  of  iron ^ 14 

Silicloua  matter 1.18 

10001 

These  figures  show  the  Fetters  lime  to  have  the  ordinary  excellence 
of  the  formation  from  which  it  is  derived.  The  upper  beds  of  the  series 
are,  in  this  vicinity,  hard,  blue  and  impure,  and  consequently  are  nOt 
at  all  used  in  lime  manufacture.  By  proper  selection,  hydraulic  limes 
and  natural  cements  could  both  be  obtained  from  these  sources,  but  it  is 
not  probable  that  the  latter  could  be  manufactured  at  a  profit  as  against 
the  great  advantages  of  Louisville  in  this  regnrd. 

The  larger  centers  of  production  of  the  magnesian  limes  of  the 
state  have  now  been  described.  There  are  many  hundreds  of  points 
besides,  where  the  series  already  treated  of  are  found  near  the  surface 
or  are  exposed  in  ravines,  at  which  lime  is  burned  for  local  use.  It  has 
been  made  to  appear  in  this  review  that  the  western  half  of  Ohio  is  ex- 
tremely well  supplied  with  dolomitic  limestones  that  are  almost  chem- 
ically pure,  and  that  the  manufacture  of  the  highest  possible  quality 
of  magnesian  lime  can  be  indefinitely  expanded  so  far  as  the  supply  of 
proper  stone  is  concerned.  Whatever  limitations  there  are,  are  con- 
nected with  fuel  and  transportation. 

3.    Northern  Ohio. 
Erie  and  Ottawa  Counties  (inparf)^  inclvding  Marblehead  andKelley^s  Island, 

Lime — Galcareoas  division. 
'  Horizon— Upper  Helderberg  limestone. 

Under  this  head,  the  lime  produced  from  the  Upper  Helderberg 
limestone  of  the  Marblehead  peninsula  and  Kelley's  Island  is  to  be  de- 
scribed. This  center  of  production  is  one  of  the  oldest,  largest  and,  in 
every  way,  most  important  in  the  state. 

While  all  of  the  lime  manufactured  in  this  vicinity  belongs  to  the 
calcareous  division,  and  while  this  division  attains  here  a  much  greater 
importance  than  at  any  other  point  in  Ohio,  it  is  still  true  that  a  con- 
siderable variety  of  composition  is  included  in  it.  The  carbonate  of 
lime  ranges  from  seventy  to  ninety  per  cent,  in  the  different  portions  of 
the  formation,  and  the  carbonate  of  magnesia  from  ten  to  twenty- seven 
per  cent,  in  the  same  divisions.  The  total  impurities,  which  are  mainly 
silicious,  ran^e  from  one  and  five-tenths  per  cent,  to  three  per  cent,  in 
th^  better  grades  of  the  stone. 

To  render  intelligible  the  facts  of  the  lime-production,  it  will  be 
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necessary  to  briefly  review  at  this  point  the  geology  of  the  stratum  con-     | 
cerned. 

Geological  Order  and  Chemical  CoHPOsmcN. 

The  Upper  Helderberg  limestone  of  this  part  of  Ohio,  which  is  also 
known  as  the  Corniferous  limestone,  is  the  northward  termination  of  the 
main  belt  of  this  age  in  the  state.  It  extends  from  Pickaway  county 
on  the  south,  through  Franklin,  Delaware,  Marion,  Wyandot,  Crawford, 
Seneca,  Huron,  Erie  and  Ottawa  counties  to  Lake  Brie,  It  is  also  con- 
tinued across  the  lake,  through  Kelley's,  Middle  and  Pelee  Islands,  into 
Canada.    The  trend  of  its  outcrop  is  a  little  east  of  north. 

No  one  natural  section  in  this  part  of  the  state  exposes  the  entire 
thickness  of  the  stratum.  The  longest  single  sections  are  found  on 
Point  Marblehead  and  Kelley's  Island. 

The  Marblehead  section  will  be  first  described.  About  forty-five 
feet  of  the  lowermost  beds  of  the  Upper  Helderberg  formation  are  found 
on  the  eastern  end  of  the  Peninsula,  resting  upon  the  Lower  Helderberg 
limestone.  The  breadth  of  the  upper  limestone,  in  an  east  and  west 
line,  nowhere  exceeds  four  miles.  In  a  north  and  south  line,  it  extends 
almost  entirely  across  the  peninsula.  The  Lower  Helderberg  limestone 
is  found  in  its  place,  below  the  limestone  in  question,  throughout  moet 
of  the  area  which  the  latter  occupies.  The  bottom  courses  lie  fifteen  or 
twenty  feet  above  the  lake  on  the  Lakeside  grounds,  and  eastward  from 
there  as  far  as  the  James  quarries.  They  dip  gently  to  the  east  and 
south,  and  in  consequence  of  this  fact,  they  soon  fall  to  the  lake  level, 
which  they  reach  just  beyond  Roesling's  dock.  From  this  point,  the 
stratum  descends  slowly  and,  in  the  main,  steadily  as  far  as  Ohie- 
maoher's  quarries.  Here  only  the  upper  beds  of  the  western  sections 
are  found,  above  the  level  of  the  lake. 

Two  divisions  of  the  formation  are  universally  recognized  in  the 
quarries  of  this  district,  an  upper  and  a  lower  division,  which  are  ap- 
proximately equal  in  thickness.  The  upper  is  commonly  known  as  the 
cap-rock,  or  shell-rock,  but  it  is  also  styled,  from  some  of  the  uses  to 
which  it  is  put,  flux-stone  and  pier-stone.  It  has  a  thickness  of  about 
fifteen  feet.  This  cap-rock  is  a  light-colored,  thin-bedded  limestone, 
peculiarly  rich  in  fossils.  Very  thin,  white,  silicious  crusts  often  cover 
the  latter.  The  most  common,  or  at  least  the  most  characteristic,  fossils 
of  this  division  are, 

Onychodus  sigmoides. 

Spirijera  gregaria. 

Spirifera  duodenaria. 
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Spirifera  acuminata. 
Strophodonta  (several  species). 
Orthis  livi%. 

Productella  spinulieosta. 
Paracyelas  accidentalis. 
EuampJudus, 
FavoHte  corah. 
OycOhcpkylloid  corah. 
.    Orinoidal  fragments. 
Bryozoa,  dc. 

The  small  spheres  of  the  foraminiferal  Saccamina  Eriana,  Dn  are  also 
yery  abundant  and  characteristic. 

In  composition,  this  division  averages  about  ninety  per  cent,  of 
carbonate  of  lime,  and  somewhat  less  than  ten  per  cent,  of  carbonate^of 
magnesia.  The  impurities  are  mainly  silicioiis,  and  generally  exceed 
two  per  cent.  It  is  fairly  represented  in  the  accompanying  analysis  of 
the  eight  and  one-half  feet  of  cap-rock  from  the  Hartshorn  quarry  : 

Carbonate  of  lime 89.S0 

Carbonate  of  magnesia 9.64 

Alumina  and  oxide  of  iron .87 

Siliciooa  matter 1.00 

100.21 

The  lower  division  is  known  as  the  bottom-rock.  It,  also,  has  a 
thickness  of  about  fifteen  feet,  but  the  upper  boundary  is  not  sharp  and 
definite.  It  is  a  much  heavier-bedded  stone  than  the  cap-rock,  and  visible 
fossils  make  a  smaller  percentage  of  it.  What  fossils  there  are,  are 
sometimes  rendered  conspicuous  by  a  reddish  stain  that  covers  their 
surfaces.  The  more  common,  or  at  least  the  more  characteristic,  forms 
of  the  lower  division  are,  the  heads  of  Macropetalicthys  Sullivanti^  the 
large  Strophodontas^  Atrypa  reticularis  (large  form),  Conocardium  trigonale^ 
Favorites  and  other  corals.  A  few  large-chambered  shells  are  found  here, 
mainly  species  of  Oyroceras. 

The  stone  of  this  division  is  also  available  for  building  stone  of 
high  grade.  Dimension  stone,  in  particular,  is  quarried  here  on  the 
large  scale  at  times.  When  it  is  so  quarried,  all  of  the  spalls  or  frag- 
ments are  used  in  lime-production. 

The  composition  of  the  so-called  bottom  beds  differs  in  a  well- 
marked  way  from  that  of  the  cap-rock  already  described.  The  average 
composition  of  the  eleven  feet  quarried  for  lime  at  the  Hartshorn  quar- 
ries fairly  represents  this  division.    It  is  as  follows :    (Lord) 
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Carbonate  of  llrne.^ 78.60 

Carbonate  of  magnesia 19.79 

Alnmina  and  oxide  of  iron ^ 18 

SilieiooB  matter 1.65 

100.12 

These  two  divisions  do  not,  however,  exhaust  the  section  of  the 
Devonian  limestone  of  Marblehead.  They  comprise  all  the  elements  of 
economic  value,  and  consequently  but  few  exposures  have  been  made 
of  the  remaining  fifteen  feet  that  separate  the  "bottom- rock"  of  the 
great  quarries  from  the  Lower  Helderberg  (Upper  Silurian)  limestone. 
The  beds  of  this  interval  are  disclosed  in  a  few  natural  sections,  and 
they  have  been  cut  through  in  draining  some  of  the  large  quarries. 
They  grow  progressively  richer  in  magnesia  and  poorer  in  lime  as  tbej 
are  followed  downwards.  Flinty  courses  also  occur  in  them,  especially 
in  the  upper  portion  of  this  subordinate  series.  The  analyses  of  the 
lowermost  five  feet  (No.  1),  and,  also,  of  the  five  feet  that  are  found  from 
ten  to  fifteen  feet  above  the  lower  boundary  of  the  formation  (No.  2),  are 
given  in  the  appended  table.  {Lord,)  For  comparison,  the  figures  rep- 
resenting the  two  divisions  above  described  are  also  repeated,  No.  3 
being  the  bottom-rock,  and  No.  4  the  caprock  : 

1.  Limestone,  five  feet  above  base. 

2.  Limestone,  fifteen  feet  above  base. 

8.    Limestone,  twenty-five  eet  above  base. 
4.    Limestone,  thirty-five  feet  above  base. 


1 

% 

3 

4 

Carbonate  of  lime^ 

57.98 

35.57 

.65 

3.85 

64.52 

28.83 

.46 

6.48 

78.60 

19  79 

.18 

1.55 

89.20 

Carbonate  of  maffnesia 

9.64 

Alumina  and  oxide  of  iron 

Silicioas  matter 

.37 
1.00 

98.05 

100.28 

100.12 

100.21 

If  the  Lower  Helderberg  limestone  had,  also,  been  represented  in 
this  table,  the  series  would  have  begun  with  fifty- three  or  fifty  four  per 
cent,  of  carbonate  of  lime,  and  forty-two  or  forty-three  per  cent,  of  car- 
bonate of  magnesia. 

The  longest  connected-section  in  this  particular  district  is  found  in 
the  quarries  now  worked  by  Gamble  &  Company  (formerly  the  M.  B. 
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Fox  quarry),  and  in  ground  adjacent  thereto.  The  shore  of  the  lake 
here  consists  of  a  low  cliff  of  Waterlime  or  Lower  Helderberg  limestone, 
which  appears  in  characteristic  form,  but  with  a  very  small  supply  of 
fossils.  As  the  series  is  followed  to  higher  levels  alon^  the  quarry  road, 
very  thin  and  somewhat  impure  magnesian  limestones  terminate  it. 
The  separate  layers  are  but  an  inch  or  two  in  thickness.  They  are  non- 
fossiliferous,  and  in  this,  as  in  other  respects,  they  exhibit  unmistakable 
marks  of  their  Lower  Helderberg  origin. 

The  exact  junction  of  the  Lower  and  Upper  Helderberg  limestonep, 
which  occurs  just  here,  does  not  happen  to  be  shown  m  any  of  the 
working  points,  but  a  small  quarry  of  rough  and  rather  heavy-bedded 
stone  has  been  opened  to  the  left  of  the  road.  Five  feet  or  more  are 
here  exposed,  the  position  of  which  is  about  ten  to  fifteen  feet  above  the 
line  of  junction.  This  stratum  contains  a  handsome  showing  of  corals 
of  the  Favosite  and  OyaihophyUoid  families,  several  common  species  of 
Strqphodonta,  also  Conocardium,  and  other  Devonian  forms.  It  is  from 
this  quarry  that  the  samples  represented  in  analysis  No.  2,  of  the  last 
preceding  table,  were  taken. 

To  find  the  five  or  ten  feet  that  intervene  between  this  series  and 
the  Lower  Helderberg  limestone,  or,  in  other  words,  to  find  the  bottom 
course  of  the  Devonian  limestone  exposed,  we  must  follow  the  series 
eastward  along  the  shore  of  the  lake.  It  is  dipping  in  the  direction 
named,  and  just  beyond  Roesling's  pier  the  exact  junction  of  the  two 
formations  is  shown.  The  lowermost  five  feet  of  the  Upper  Helderberg 
limestone  that  are  found  here  carry  many  of  the  common  corals  of  the 
formation,  and  rest  directly  on  the  thin-bedded  and  non-fossiliferous 
sheets  of  the  Lower  Helderberg  series.  It  is  from  this  point  that  the 
rock  represented  in  analysis  No.  1,  of  the  last  table,  was  taken.  Though 
the  limestone  is  now  found  fossiliferous,  it  has  made  as  yet  but  little 
advance  in  composition  upon  the  dolomitic  type  that  prevails  through 
the  next  underlying  eight  hundred  or  more  feet  of  Lower  Helderberg 
and  Niagara  formations.  There  is  a  gain,  however,  of  three  or  four  per 
cent,  of  carbonate  of  lime,  and  a  corresponding  loss  of  carbonate  of 
magnesia. 

Returning  to  the  Fox  quarries,  we  find  in  the  drains  that  have  been 
cut  lakeward  from  the  present  main  workings,  the  completion  of  the 
section  from  the  bottom-rock  of  the  quarrymen  to  the  true  bottom-rock 
of  the  formation,  exposed  in  the  opening  already  referred  to  upon  the 
east  side  of  the  wagon  road. 

There  are,  probably,  about  five  feet  in  this  interval  which  is  occu- 
pied, in  ascending  order,  with  a  layer  of  flinty  limestone,  the  flint 
occurring  in  white,  irregular  masses,  followed  by  two  beds  of  limestone. 
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alternating  with  two  beds  of  shale  or  clay.    The  shale  makes  the  floor 
of  the  main  quarries. 

The  section,  as  worked,  consists  of  twenty  feet  of  limestone,  equally 
divided  between  the  two  divisions  already  named,  the  cap  rock  and  the 
bottom-rock.  The  entire  section  can  be  represented  in  diagram  as 
follows  : 

Section  at  the  Fox  quarriei, 

Sarface  and  waste  rock 1-2  feet 

Cap-rock— thin  stone,  used  for  farnace-fluxi  pier-stone,  road 

metal,  &c.,  85  to  90  per  cent,  carbonate  of  lime 10  " 

Bottom-rock— heavy- bedded  stone,  used  for  lime  and  for  build- 
ing stone,  75  per  cent,  carbonate  of  lime 10  " 

Shale  and  flint  courses,  floor  of  quarry 5  " 

Lower  quarry,  64  percent  carbonate  of  lime 10  '' 

Bottom  course,  57  per  cent,  carbonate  ot  lime,  (seen  elsewhere)..    5  '' 

Lower  Helderberg  limestone,  to  lake 15  ** 

These  measurements  show  by  the  round  numbers  that  appear  that 
they  are  only  approximate.  The  section  is  a  comparatively  long  one, 
covering  twenty- five  rods  or  thereabouts,  and  it  does  not  admit  of  nice 
determination. 

Kelley^s  Island  Section, 

A  similar  section  is  found  in  the  quarries  of  N.  Kelley  &  Company, 
on  Kelley's  Island.  The  base  of  the  Upper  Helderberg  series  has  here 
dropped  to  the  water's  edge,  or  a  little  below.  From  a  reef  eight  or  nine 
feet  below  the  surface  of  the  lake,  unmistakable  blocks  of  the  Lower 
Helderberg  limestone  have  been  brought  up.  There  are  about  fifteen 
feet  of  stone  above  the  water  level,  which  are  nowhere  exposed  in  the 
island,  or,  at  least,  in  the  vicinity  of  the  quarries  in  question.  The 
bottom  of  the  quarries  is  in  the  flinty  courses  that  have  been  already 
shown  to  constitute  the  floor  of  the  Marblehead  quarry  section.  This 
is  followed  by  nine  feet  of  stone,  quarried  to  be  burned  into  lime,  the 
*'  bottom-rock"  of  the  quarrymen ;  six  teet  of  building  stone ;  nine  feet  of 
'^  cap-rock,"  used  for  flux  and  pier-stone,  surmounted  by  four  feet  of  extra 
cap,  so-called,  which  is  a  blue,  highiy-fossiliferous  but  very  thin-bedded 
limestone.  The  last  element  is  probably  the  lowest  portion  of  the  San- 
dusky section  of  the  Upper  Helderberg  limestone.  This  consists  of 
twenty-five  feet  or  more  of  a  blue,  impure,  very  even-bedded  limestone, 
well  adapted  for  building  stone,  and  also  for  street  curbings  and  crossings. 
It  carries  a  number  of  highly  characteristic  fossils,  among  which  may 
be  named  a  large  Tentaculitey  Nudeocrinvs  VemeuiUij  and  the  scales,  bones 
and  teeth  of  fishes  in  quantity. 
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The  section  here  described  can  also  be  arranged  in  tabular  form,  as 
follows : 

Extra  cap-rock— blae  and  thin-bedded  limestone 4  feet. 

Gap-rock— flux  and  pier-stone 9   " 

D^«i^».  »^^w     /  Building  stone 6    " 

isotlom  rock ...  ^  Bottom-rock,  used  for  lime-burniDg 9    " 

Flint  course 

Interval,  not  seen 15    " 

Water  of  Lake  Erie 

Lower  Helderl)erg  limestone,  beneath  surface 

It  is  unnecessary  to  multiply  sections  of  this  series.  There  are  no 
exceptions  to  the  order  and  character  of  the  several  beds  that  have  been 
shown  above. 

It  is  thus  seen  that  about  twenty  to  thirty  feet  of  the  Upper  Hel- 
derberg  limestone  are  commonly  quarried  here,  and  that  these  twenty 
to  thirty  feet  are  divided  into  two  quite  distinct  and  well-bounded  sec- 
tions, the  upper  one  of  which  is  a  very  pure  limestone,  averaging  ninety 
per  cent,  of  calcite,  and  the  lower  one  of  which  carries  a  much  larger 
proportion  of  magnesia.  It  further  appears,  as  will  be  shown  in  subse- 
quent pages,  that,  except  in  a  single  instance  where  such  selection  is 
impossible,  the  lower  section  has  been  universally  chosen  by  the  lime- 
producers  of  the  region  as  the  source  of  their  lime.  They  are  obliged 
to  remove  eight  to  fifteen  feet  of  the  cap-rock  in  order  to  reach  this 
^  lower  stratum,  and  the  caprock  so  removed  is  used  for  inferior  purposes, 

'  or  is  even  counted  as  waste.    Moreover,  the  parties  who  carry  away  the 

limestone  in  bulk  to  be  burned  at  Cleveland  and  other  points  along  the 
'  lakes,  invariably  select  the  lower  division..   The  reasons  given  for  this 

^  selection  are,  that  the  bottom  rock  is  more  easily  burned  than  the  cap- 

rock,  and  that  it  makes  a  more  desirable  lime  for  general  use.    It  is, 
also,  more  easily  handled,  as  it  is  quarried  in  much  larger  blocks. 
^  At  the  same  time,  all  of  the  limes  of  this  district  are  classed  in  the 

market  as  of  one  grade,  and  are  sharply  distinguished  from  the  mag- 
nesian  limes  that  are  produced  in  the  adjoining  counties.    This  dis- 
^  tinction  does  not  appear  to  be  fully  justified.    The  lime-producers  of 

f  this  field  deliberately  pass  by  a  nearly  pure  carbonate  of  lime,  which 

i  they  are  obliged  to  remove  at  a  large  outlay,  to  make  use  of  a  stone  that 

I  carries  about  twenty  per  cent,  of  carbonate  of  magnesia,  claiming  that 

they  manufacture  a  much  better  article  from  the  latter  stone.    That 
{  limes  of  very  great  excellence  are  produced  from  both  cap-rock  and 

I  bottom-rock,  each  in  its  own  way,  is  certain,  but  if  the  lime  derived 

t  from  the  latter  is  better  than  the  cap-rock  lime  for  any  purposes,  it 

I  seems  fair  to  credit  the  increased  percantage  of  magnesia  with  the  im- 
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provement.  The  question  then  arises  whether  all  of  the  improvement 
possible  has  been  effected  by  the  increase  of  carbonate  of  magnesia  to 
twenty  per  cent,  in  the  stone.  Such  questions  cannot  now  be  answered 
authoritatively,  as  has  been  already  confessed,  but  the  problems  con- 
cerned doubtless  admit  of  scientific  and  practical  solutions  which  it  is 
to  be  hoped  will  soon  be  reached. 

A  brief  review  of  the  several  principal  quarries  and  lime-producing 
plants  of  the  district  will  follow  these  general  statements  in  regard  to 
the  order  and  composition  of  the  several  elements  of  the  Upper  Helder- 
berg  limestone  in  Ottawa  and  Erie  counties. 

The  Several  Quarries  and  Lime-Producing  Plants. 

N,  Kdley  &  Company^s  QuarrieSf  Kdley^s  Island. 

The  section  of  these  quarries  which  are  the  most  extensive  of  the 
district  has  been  already  given  on  a  preceding  page.  It  consists  of  the 
four  following  elements,  viz. : 

L    Extra  cap 4  feet. 

2.  Cap-rock 9  feet. 

3.  Baildlng  stone  coarses 6  feet 

4.  Bottom-rock.. ^ 9  feet. 

Flint  rock,  underlying. 

The  quarries  have  been  worked  since  the  country  was  first  occupied, 
and  with  great  skill  and  energy.  Not  less  than  ten  acres  have  been  ex- 
hausted to  an  average  depth  of  twenty  feet.  They  supply  lour  grades 
of  stone,  agreeing  with  the  arrangement  above  given.  The  stone  of 
No,  1,  and  also  a  good  deal  of  the  waste  of  the  other  divisions  is  used 
for  Qiacadamizing  roadways,  as  far  as  the  market  calls  for  such  material. 
The  stone  of  the  second  division  is  chiefly  used  as  flux  for  the  Cleve- 
land furnaces  and  the  furnaces  of  the  Lake  Superior  region.  The  waste 
of  the  other  divisions  is  intermingled  with  this  stone  to  quite  an  extent, 
and  to  the  injury  of  the  flux.  The  third  division  is  worked  for  dimen- 
sion stone,  whenever  the  market  calls  for  such.  It  can  be  obtained  in 
blocks  five  feet  thick,  and  of  the  largest  size  that  can  be  handled.  The 
fourth  division  is  the  only  one  that  is  counted  on  exclusively  and  uni- 
formly for  lime-production,  but  when  the  stone  of  No.  3  is  not  called  for 
as  building  stone  it  also  goes  with  that  of  the  lower  division,  to  the 
lime  kilns. 

In  the  light  of  these  varied  uses  of  the  stone  of  the  quarries,  the 
following  table  of  analyses  will  be  found  instructive.  The  several 
divisions,  except  the  first,  were  carefully  sampled,  so  that  the  average 
composition  is  shown  in  the  analyses.    A  single  block  of  the  very  hard 
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and  tough  blue  stone  of  the  upper  cap  gives  the  results  credited  to  this 
division : 

1.  Gompoflition  of  blae  Btone,  extra  cap.  {Lord,) 

2.  GompoBitioQ  of  cap-rock  or  flux  stone.  (Lord.) 

3.  Ck)m position  of  building  stone.  (Lord,) 

4.  Composition  of  limestone.  {LMrd) 


Carbonate  of  lime , 

Carbonate  of  magnesia.. 

Alumina  and  oxide  of  iron.. 
Silicioas  matter 


1 


97.28 

2.0O 

.27 

.85 


100.40 


87.10 

10.96 

.15 

1.49 


99.70 


8 


89.16 

9.48 

.20 

1.06 


99.89 


77.22 

20.19 

.14 

1.66 


99.70 


It  thus  appears  that  stone  ranging  from  ninety-seven  to  eighty- 
seven  per  cent,  in  carbonate  of  lime  is  successively  rejected  for  lime- 
burning,  and  a  division  containing  seventy-seven  percent,  is  universally 
preferred  for  this  use.  The  hara  blue  stone  of  the  upper-cap  is  seen  to  be 
one  of  the  purest  limestones  of  Ohio.  It  is  not  probable,  however,  that 
the  figures  here  given  would  be  found  applicable  to  any  large  amount 
of  stone. 

The  Cleveland  furnaces  report  as  the  average  composition  of  the 
flux  that  they  obtain  from  this  quarry : 

Carbonate  of  lime 86.40 

Carbonate  of  magnesia. 11.49 

These  figures  are  seen  to  agree  with  the  results  of  the  analysis  made 
by  the  Survey. 

None  of  the  stone  raised  from  these  quarries  is  burned  on  the  island. 
It  is  shipped  to  Cleveland  and  the  northern  lakes,  where  it  is  burned 
on  a  large  scale. 

The  Kelley  quarries  furnish  valuable  opportunities  for  observation 
and  study  in  several  lines  of  geological  research. 

Ripple-Marked  Limestone. 

During  the  summer  of  1885  and  also  of  1886,  a  half  acre,  more  or 
less,  of  the  stripped  surface  of  the  limestone  exhibited  the  finest  series 
of  ripple  marks  ever  reported  from  the  limestones  of  Ohio.    As  is  well 

48       G. 
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known,  limeetonee  very  seldom  exhibit  these  marks  of  shallow  water  or 
shore  origin.  Such  traces  of  the  history  of  stratified  rocks  are  m&inlj 
confined  to  sandstones  and  shales,  but  in  this  instance,  a  small  trtct 
was  found  covered  with  the  unmistakable  sculpturing  of  a  very  shallow 
sea.  The  crests  of  the  wave  marks  were  about  eight  inches  above  the 
bottoms  of  the  furrows  and  about  two  feet  apart.  The  direction  of  ibe 
crests  and  furrows  was  very  regular,  the  lines  bearing  N.  14.*^  VV.  The 
longest  lines  uncovered  were  200  feet  in  length.  On  the  northwestern 
side,  the  markings  became  confused  and  broke  up  into  the  "dimpled 
current  mark  "  which  is  generally  accounted  for  as  the  work  of  reflect^ 
waves. 

Olacial  Markings. 

The  glacial  markings  of  this  quarry  have  proved  to  be  as  interesting 
as  any  yet  found  in  the  state.  The  island  itself  is  obviously  a  remnant 
that  remains  from  a  pitiless  erosion.  The  ice  that  invaded  and  finalW 
occupied  Lake  Erie  in  the  Glacial  period,  undertook  the  work  of  cutting 
away  and  completely  removing  the  Upper  Helderberg  cap  of  the  great 
limestone  series  that  makes  the  floor  alike  of  the  lai.d  and  the  water  of 
this  portion  of  the  state.  A  large  part  of  the  work  had  been  accom- 
plished when  the  retreat  of  the  ice  cap  was  sounded.  The  mode  in 
which  the  work  was  going  forward  is  revealed  in  the  uncovered  quarrj. 
The  striee  left  by  the  ice  upon  the  surface  of  the  limestone  bear  about 
S.  23°  W.  They  belong  to  the  earlier  system  of  striae  and  grooves  which 
generally  bear  10**  or  14°  W.,  or  approximately  north  and  south.  The 
main  joints  of  the  limestone  bear,  on  an  average,  N.  37^  E.,  or 
what  is  the  same  thing,  S.  37°  W.  When  the  ice  struck  a  well-marked 
joint,  left  open  by  atmospheric  waste,  it  would  adopt  ayid  follow  thi? 
line  for  awhile,  cutting  away  much  more  easily  the  weathered  edges  of 
the  joint  than  the  solid  rock  elsewhere.  Deep  grooves  were  thus  wrought 
out,  six  feet  or  more,  below  the  general  surface  ar.d  fifteen  to  twenty 
feet  in  width.  Great  advantage  was  thus  given  to  the  erosive  and 
abrading  sheet. 

On  the  extreme  easterly  end  of  the  island,  the  stride  and  grooves  are 
found  to  bear  S.  76°  to  80°  W.,  or  approximately  east  and  west.  These 
belong  to  a  later  system  of  markings  from  those  described  above.  All 
of  the  facts  pertaining  to  these  glacial  markings  have  been  worked  oat 
with  great  enthusiasm  and  sagacity  by  Capt.  John  Brown,  Jr.,  of  Pot- 
in  Bay. 

On  the  northwest  side  of  the  island  are  the  extensive  quarries 
formerly  owned  and  worked  by  G.  W.  Calkins  and  Company.  The  stone 
quarried  here  has  long  been  burned  on  the  large  scale  by  the  firm  above 
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named  in  Clevelandy  for  the  supply  of  the  markets  of  the  city  and  con- 
tiguous territory.  The  stone  at  present  used  in  these  Cleveland  kilns 
iB*  not  exclusively  derived  from  the  island,  but  part  of  it  comes  from 
Marblehead,  the  quarries  of  M.  B.  Fox  furnishing  a  considerable  amount 
of  the  bottom  stone  of  his  quarry  for  this  purpose. 

The  limestone  used  in  the  Calkins  kilos  in  18S6  was  carefully 
sampled  and  analyzed.    The  results  of  analysis  are  as  follows :    {Lord) 

Carbonate  of  lime 71.17 

Carbonate  of  magnesia^ 86.82 

Alamina  and  oxide  of  iron 40 

Silicioas  matter... '. 1.60 


99.99 

The  lime  has  an  excellent  and  long  established  reputation  in  Cleve- 
land, and  a  large  part  of  the  city  has  been  built  up  by  the  mortar  made 
from  it  or  from  other  lime  coming  from  the  same  sources.  In  compo- 
sition it  is  seen  to  be  an  almost  exact  mean  between  the  Niagara  and 
Lower  Helderberg  dolomites  and  the  hot  limes  of  the  cap-rock  of  Mar- 
blehead  and  Kelley's  Island. 

Within  the  last  three  years  an  energetic  company,  known  as  the  Kel* 
ley's  Island  Lime,  Stone  and  Transportation  Company,  has  established 
itself  on  the  north  side  of  Kelley's  Island,  in  the  same  range  of  rock 
that  was  formerly  worked  by  Calkins  and  Company.  Here  eight  draw- 
kilns  have  been  built,  and  the  manufacture  of  lime  is  going  forward  on 
a  very  large  scale.  It  is  to  be  regretted  that  the  details  of  this  impor- 
tant plant  and  the  analysis  of  the  limestone  used  were  not  obtained  for 
this  report.  It  is  certain,  however,  that  the  conditions  already  described 
are  found  here  without  essential  change  or  qualification.  The  produc- 
tion of  lime  for  1887,  from  this  plant  was  not  less  than  75,000  barrels. 

The  following  firms  and  individuals  are  now  engaged  in  quarrying 
stone  on  the  Marblehead  Peninsula  or  in  burning  lime  from  the  stone 
so  quarried,  either  on  the  Peninsula  or  at  Sandusky,  or  are  engaged  in 
both  quarrying  and  burning : 

Sloss  Lime  Co.,  lessees  of  the  John  H.  James  quarry. 

Gamble  and  Co.,  succeeding  M.  B.  Fox. 

F.  Roesling  and  Co. 

demons  and  Sons. 

Gager  and  Zollinger. 

Judge  demons. 

Kunz  and  Johnson,  succeeding  demons  Brothers. 

Point  Marblehead  Lime  Co. 

L.  B.  Johnson  and  Co. 

D.  Kunz. 

Ohlemacher  Brothers. 
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McFall  Brothers. 

John  H.  Hudson,  lessee  of  the  Fletcher  Hartshorn  quarries. 

Forty  draw-kilns  are  owned  and  operated  by  the  parties  named 
above.  The  average  production  of  the  kilns  is  about  100  barrels  of  lime 
per  day.  During  1887,  the  total  amount  of  lime  burned  here  fell  but 
little  below  500,000  barrels.  The  figures  can  safely  be  put  at  450,000 
barrels.  If  the  production  of  Kelley's  Island  is  added,  the  aggregate 
will  considerably  exceed  500,000  barrels.  Where  these  parties  are  not 
directly  engaged  in  burning  lime,  they  are  shipping  the  stone  to  points 
more  or  less  distant,  at  which  much  of  it  is  so  burned. 

The  section  of  the  quarries  of  Gamble  and  Co.  (formerly  the  H.  6. 
Fox  quarries)  has  been  already  given  (page  746).  A  singular  glacial 
groove  has  recently  been  brought  to  light  in  the  working  of  the  quarry. 
A  deep  channel  was  cut  out  by  the  glacier,  along  a  line  of  joint,  as  de- 
scribed in  the  Kelley  quarries,  but  here  the  excavation  was  carried  on 
until  the  rock  on  the  east  side  has  become  an  overhanging  wall.  The 
depth  of  the  channel  is  about  eight  feet  below  the  surface  of  the  rock. 
It  was  subsequently  filled  with  material  brought  in  from  the  north  and 
especially  by  the  thin-bedded  Lower  Helderberg  limestones  whose  out- 
crop is  found  in  that  direction. 

The  Rofsling  Quarries. 

F.  Roesling  &  Co.  have  a  large  and  excellently  managed  quarry 
interest.  The  company  burns  no  lime  on  its  own  account,  but  ships 
the  bottom  rock  for  this  purpose  in  the  large  way.  Dimension  stone, 
five  feet  in  thickncFs,  is  also  quarried  by  the  company  when  demanded. 
As  large  blocks  can  be  raised  here  as  are  ever  required  for  any  construc- 
tion purposes  along  the  line  of  the  lakes. 

Carefully  sampled  specimens  of  the  cap  and  bottom-rock  from  these 
quarries  were  analyzed  for  the  Survey,  with  the  following  results : 

!.    Oom position  of  cap-rock,  Roesling's  quarries.  (Lord.) 

2.    Composition  of  bottom-rock,  Roealing's  qaarries.    (Lord.) 


Carbonate  of  lime 

Carbonate  of  magneaia 

Alumina  and  oxide  of  iron.. 
Silicious  matter 


84.61 

69.61 

13.81 

27.43 

M 

.90 

1.60 

1.63 

99JS4 
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The  boandaries  between  the  cap  and  bottom  are  not  definite,  and 
tbe  beds  are  progressively  richer  in  lime  as  we  ascend  in  the  series. 
These  facts  will  explain  the  slightly  discordant  results  of  analyses. 

The  section  of  the  quarries  is,  in  the  main,  identical  with  that  re- 
ported from  the  adjoining  quarries  of  Gamble  and  Company.  It  is  as 
follows : 

Waste  and  shell  rock %  feeU 

Cap  or  shell  rock 11  feet. 

Bottom-rock 10  feet. 

White  flint - 8  inches  i 

Baildinj;  stone  course 14      *' 

Shales,  bine  and  drab^ 2      "       }.^ S^feet. 

Building  stone  coarse,  bine... 10     " 

Flinty  courses 80      " 

The  face  or  main  joints  of  the  quarries  bear  N.  40^  to  60^  E.  On 
the  whole  they  are  quite  regular,  but  they  show  many  local  curves. 
The  end  joints  or  cutters  are  much  less  persistent.  Their  general  bear- 
ing will  be  included  between  N.  38"*  W.  and  N.  56^  W. 

The  Clemons  Quarries  and  Kilns. 

The  demons  &  Son's  quarries  show  a  much  larger  exhausted  area 
than  any  others  on  the  peninsula.  They  have  been  longest  worked, 
and  in  the  largest  way.  Recently  a  very  complete  equipment  for  lime- 
production,  consisting  of  four  draw-kilns,  has  been  added  by  Gager  & 
Zollinger.  These  quarries  yield  precisely  the  same  lines  and  qualities 
of  products,  both  in  lime  and  building  stone,  that  have  been  desc.ibed 
in  connection  with  the  quarries  already  named. 

The  K^nz  and  Johnson  Quarries. 

The  next  group  of  quarries  is  that  now  worked  by  the  firm  named 
above.  The  quarries  are  part  and  parcel  of  the  demons  tract,  having 
formerly  been  worked  by  the  demons  Brothers,  and  differ  from  the 
quarries  previously  described  only  in  the  fact  that  the  eastward  dip,  re- 
ferred to  on  a  preceding  page,  has  carried  the  series  so  low  that  not  more 
than  eight  feet  of  the  bottom-rock  are  left  above  the  level  of  the  lake. 

The  limestone  is,  in  part,  carried  across  the  bay  to  Sandusky  to  be 
burned,  and  part  is  burned  at  the  quarries.  The  Point  Marblehead 
Lime  Company  has  recently  built  four  draw  kilns  adjacent  to  the 
quarries,  while  upon  the  main  land  the  six  kilns  of  L.  B.  Johnson  & 
Company  and  the  two  kilns  of  D.  Kunz  are  wholly  or  mainly  supplied 
with  stone  from  this  source.  The  Point  Marblehead  Company  is  com- 
posed of  Messrs.  Johnson,  Kunz,  Dennis,  and  other  parties. 

The  analyses  of  the  cap-rock  and  bottom-rock  of  these  quarries, 
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'thoroughly  sampled,  are  given  below.    The  composition  of  the  etone 
from  Johnson's  Island,  formerly  burned  by  L.  B.  Johnson,  is  also  added: 

1.  Cap-rock,  Kanz  &  Johnson's  qaarry,  6  feet.  (Lord,) 

2.  Bottom-rock,  Kanz  &  Johoson's  qaarry,  8  feet    (Lord.) 

3.  Bottom-rock,  Johnson's  Xsland.  (Li/rd.) 


1 

2 

3 

81.48 

15.84 

.40 

1.65 

73.61 
24.26 

.06 
1.77 

69.56 

Carbonate  of  magnesia - 

Ainmina  and  ozi<i<)  of  iron- -,  r,»» 

27  J6 

Silicious  matter -. 

IM 

99.27 

99  70 

99.78 

The  cap-rock  from  the  Kunz  and  Johnson  quarry  is  considerablj 
lower  in  carbonate  of  lime  than  usual  for  this  portion  of  the  stratum. 
This  fact  is  accounted  for  by  the  absence  of  the  upper  beds  of  the  cap- 
rock  from  the  section.  It  will  be  remembered  that  the  cap-rock  becomes 
progressively  richer  in  lime  to  the  top  of  the  division. 

The  Oh^emacher  Quarried  and  Kilns, 

The  firm  of  Ohlemacher  &  Company  produces  a  much  larger 
quantity  of  lime  than  any  other  single  firm  engaged  in  the  business  in 
the  two  counties  now  under  consideration.  The  lime  supplied  by  this 
company  is  also  of  a  somewhat  dififerent  ^^rade  from  any  other  lime  of 
the  district,  as  is  seen  in  the  following  analysis,  made  from  a  careful 
sampling  of  the  limestone  used  in  the  manufacture : 
Composition  of  Ohlemacher  &  Company's  limestone.    (Lord.) 


Carbonate  of  lime.. 

Carbonate  of  magnesia  ~—* 
Alumina  and  oxide  of  iron 
Bilidoos  matter 


89CS 
8.34 

1.51 
9926 


These  figures  indicate  beyond  question  that  the  cap  rock  of  the 
other  quarries  is  here  used  for  the  production  of  lime.  How  this  comes 
about  will  be  made  apparent  by  the  following  statement : 

The  quarries  of  Ohlemacher  &  Company  are  located  on  the  extreme 
southeastern  outcrop  of  the  Marblehead  limestone.    As  the  stratum  dips 
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steadily  to  the  east  and  south,  this  is  the  same  as  saying  that  it  must 
be  found  lower  here  than  anywhere  else  on  the  peninsula.  How  much 
lower  it  is  will  be  seen  by  an  inspection  of  the  section  of  the  quarry 
which  is  here  given : 

Waste-rock,  pier-stone,  Ac« 1^   feet. 

f  Main  rock,  (cap-rock  of  other  qnarries) 7)  feet. 

-^  Shell 2   feet. 

(  Bottom-rock  of  other  qaarries.. 2}  feet. 

Level  of  lake  and  lower  limit  of  workings. 

The  main  joints  of  the  quarry  bear  W.  37^  E.  Translating  the 
facts  of  the  section  into  words,  it  appears  that  the  entire  limestone 
sheet  has  pitched  steadily  downwards  from  the  outcrops  on  the  penin- 
sula first  described,  until  only  two  and  one-half  feet  of  the  bottom-rock 
are  left  above  the  level  of  the  lake.  The  cap-rock  is,  therefore,  the 
main  resource  of  the  quarries,  and  as  far  as  the  stone  for  burning  into 
lime  is  concerned,  it  is  either  ^'  this  or  nothing."  Tf  the  bottom  stone 
had  been  found  in  quantity  enough  to  meet  the  demands  of  a  large  pro- 
duction, it  is  quite  likely  that  it  would  have  been  chosen  for  this  pur- 
pose, here  as  elsewhere.  It  is  to  be  noted,  however,  that  the  caprock 
has  a  much  more  solid  structure  in  these  quarries  than  where  it  lies 
higher  and  has,  consequently,  been  more  exposed  to  atmospheric 
agencies. 

As  it  is,  the  cap-rock  is  burned  for  lime  only  by  this  firm  in  north- 
ern Ohio,  and  thus  a  peculiar  product  is  furnished  by  it.  The  Ohle- 
macher  lime  is,  undoubtedly,  the  hottest  and  strongest  of  the  entire 
field  to  which  it  belongs.  Every  other  firm  producing  lime  in  the  field 
could,  however,  produce  a  lime  of  exactly  the  same  grade,  if  it  choA*"  to 
do  so.  Each  one  laboriously  quarries  and  removes  and  sells  for  inferior 
uses,  if  it  sells  at  all,  the  eight  feet  that  yield  the  lime  now  described, 
in  order  to  reach  the  milder  and  more  magnesian  limestone  of  the 
bottom-rock. 

It  is  obvious  that  the  limes  of  the  district  cannot  be  properly  con* 
sidered  as  a  unit  in  such  a  sense,  that  what  is  true  of  one  is  true  of  all 
the  resk 

The  lime  plant  of  the  company  consists  of  twelve  draw- kilns,  on 
the  lake  front  in  Sandusky.  They  are  well  located  and  well  con- 
structed. Several  original  appliances  are  embodied  in  their  construc- 
tion. 

A  recent  experiment  made  here  in  the  use  of  Lima  oil  for  fuel,  in 
the  place  of  wood,  deserves  mention.  The  heat  of  combustion  proved 
too  high  for  the  firebrick  lining  of  the  kilns.  It  is  now  proposed  to 
convert  the  oil  into  gas,  by  the  Westinghouse  process,  and  make  use  of 
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the  latter  in  the  kilns.  The  supply  of  wood  is  becoming  yearly  more 
difficult  to  maintain.  To  help  out  the  failing  supply,  coal  is  used  in 
almost  all  of  the  kilns  of  this  vicinity  to  a  greater  or  less  degree.  There 
is,  probably,  some  saving  of  expense  in  the  matter  of  labor  connected 
with  its  use,  but  the  principal  reason  for  introducing  it  has  been  given 
above.  Too  large  a  proportion  ot  it  in  burning  the  stone  is  thought  to 
injure  the  quality  of  the  lime,  a  tendency  to  chip-crack  characterising 
it  in  such  circumstances.  Notwithstanding  the  growing  difficulty  in 
obtaining  wood,  enough  to  meet  the  demands  of  a  rapidly-expanding 
production,  the  price  has  not  been  allowed  to  become  exorbitant  in  any 
respect.  The  average  cost  of  wood  for  1887  is  reported  at  $2.35  per  cord. 
A  considerable  part  of  the  supply  is  brought  from  Canada. 


John  H.*  Hudson^ s  Lime  Hani. 

The  extensive  quarries  of  Fletcher  Hartshorn,  now  leased  by  John 
H.  Hudson,  are  the  most  southerly  and  westerly  of  the  Marblehead 
quarries.  They  also  lie  at  a  greater  elevation  above  the  lake  than  any 
other  portion  of  the  limestone  on  the  peninsula.  The  section  found 
here  is  as  follows : 


Waste  rock,  pier  stone,  Ac %    feet 

Cap-rock,  used  for  furnace  flux,  pier  stone,  &c 8)    '' 

Bottom  lock,  burned  for  lime ..II      '* 

Interval— not  seen— to  level  of  bay,  principally  occupied  by  Lower 
Helderberg  limestone ....50      **- 
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The  analyses  of  the  two  main  elements,  the  cap-rock  and  the  bot- 
tom rock,  have  been  already  given,  but  they  will  be  repeated  here  in 
their  relation  to  lime  production.  The  results  were  determined  on 
carefully  sampled  specimens.  To  them  will  be  addtd  the  analyses  of  a 
specimen  selected  as  producing  the  best  lime  of  the  quarries,  and  also 
of  a  single  sample  examined  by  Professor  Wormley  in  1870. 

1.  Cap-rock  of  Hartshorn's  quarries.  (Lord,) 

2.  Bottom  rock  of  Hartshorn's  quarries.  ( Lord,) 

3.  Bottom  rock  of  Hartshorn's  quarries.  {Lord^ 

4.  Bottom  rock  of  Hartshorn's  quarries.  (  Wormley,^ 

5.  Cap-rock,  Ohlemacher's  quarries.  (Lord,) 
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Carbonate  of  lime 

Carbonate  of  magnesia 

Aluminia  and  oxide  of  iron 
8iliciou8  matter^ 


I 

2 

3 

4 

89.20 

77.28 

78.60 

65.80 

9.64 

18.85 

19.79 

27.95 

,87 

.44 

.18 

880 

1.00 

265 

1.56 

2.70 

100.21 

99.17 

100.12 

99.75 

89.08 

8.84 

.88 

1.51 


99.26 


The  fourth  anal jrIs  does  not  represent  the  character  of  the  lime  now 
produced.  The  bed  which  yielded  these  figures  must  have  been  taken 
from  the  very  bottom  of  the  quarry.  The  second  analysis  can  be  de- 
pended upon  as  representing  the  present  average  composition  of  this  lime. 
The  cap-rock  is  seen  to  be  almost  exactly  identical  with  Ohlemacher's 
limestone,  the  composition  of  which  is  reprinted  in  column  five.  This 
bed  is,  however,  laboriously  removed,  much  of  it  failing  to  find  market, 
and  the  bottom  rock  only  is  used  in  the  kilns.  The  ground  of  this 
selection  has  already  been  indicated,  viz.,  the  belief  that  the  bottom-rock 
is  burned  more  easily  and  makes  a  larger  product  for  the  fuel  employed. 

This  lime  represents  the  best  grade  of  the  ordinary  Sandusky  lime, 
the  Ohiemacher  lime  constituting  a  separate  division,  as  alreaJy  shown. 
Three  thoroughly  equipped  draw-kilns  are  connected  with  the  Harts- 
horn quarries,  being  located  upon  the  bay,  adjacent  to  the  latter.  The 
market  for  this  lime  is  found  quite  largely  around  the  northern  lakes, 
where  it  is  highly  esteemed. 

The  McFall  Brothers  burn  lime  of  precisely  the  same  sort  as  that 
previously  described,  in  their  two  kilns  which  are  located  in  Sandusky. 

This  large  and  important  production  has  now  been  briefly  reviewed. 
From  this  center,  it  will  be  borne  in  mind,  a  half  million  barrels  of 
lime  found  market  in  1887.  It  has  been  generally  found  possible  to 
maintain  a  small  difierence  in  price  between  the  Sandusky  lime  and 
the  magnesian  lime  of  the  Genoa  type,  on  account  of  the  greater 
strength  of  the  former.  During  1887,  however,  the  lime  burned  by 
natural  gas  in  northern  Ohio  was  crowding  the  magnesian  limes  in 
market  and  depressing  the  price  of  all;  sharp  competition  was  at  the 
same  time  introduced  into  the  sales  of  the  lime  production  of  Marble- 
head  and  Kelley's  Island.  The  average  price  of  the  latter  was  probably 
below  fifty-five  cents  during  this  year.  With  the  average  cost  of  wood 
at  $2.35  per  cord,  and  with  the  cost  of  barrels  ranging  between  fifteen 
and  twenty  cents,  it  is  obvious  that  the  margin  of  profit  was  cut  down 
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to  the  narrowest  proportions,  if  indeed  there  was  any  margin  left.  It 
will  probably  be  found  that  the  united  capacity  of  the  lime-kilns  of 
northern  Ohio  has  grown  beyond  the  present  demands  of  the  markets. 
The  number  of  kilns  in  the  Sandusky  field  has  been  trebled  within  the 
last  five  years. 

The  quality  of  lime  burned  here  will  always  be  in  demand,  and 
the  manufacture  is  sure  to  be  maintained,  but  it  is  quite  likely  that 
modifications  will  be  introduced  in  the  way  of  the  fuel  used,  which  will 
require  a  recast  of  the  business. 

The  vexed  questions  as  to  the  relative  values  of  Sandusky  and 
Genoa  limes,  to  which  reference  has  before  been  made,  still  await  a  set- 
tlement. The  testimony  of  contractors,  masons  and  bricklayers,  as  to 
the  character  of  either,  is  of  comparatively  little  value  unless  it  is  based 
upon  a  knowledge  of  both.  Practical  men  of  this  class  are  generally 
satisfied  with  the  behavior  of  the  lime  that  they  use,  and  are  loth  to 
admit  that  any  change  can  be  made  without  detracting  from  its  value. 

Few  parts  of  the  country  are  better  supplied  with  limes  of  the 
highest  excellence  in  both  divisions  than  northern  Ohio. 

4.    Thb  Lime-Pboduction  of  Central  Ohio. 

(a)    Franklin  and  Delaware  Counties. 

Lime — Calcareoas  division. 
Horizon — Upper  Helderbera. 

A  lime-production  of  considerable  importance  has  long  been  main- 
tained at  Columbus,  and  in  its  vicinity.  The  Scioto  River  occupies  a 
rocky  valley  in  the  Upper  Helderberg  limestone  from  Columbus  north- 
ward, throughout  the  county  and  beyond.  Along  this  line  there  are 
numberless  exposures  of  the  limestone  in  cliffs,  twenty  to  thirty  feet  in 
height.  Many  quarries  have  been  opened  in  these  exposures,  some  of 
which,  as  the  State  quarries  and  the  Price  quarries,  have  been  worked 
on  a  very  large  scale.  While  the  production  of  building  stone  has 
always  been  the  main  interest  of  the  quarries,  the  production  of  lime 
has  been  an  important  subsidiary  interest.  All  of  the  lime  used  in 
Columbus,  until  within  the  last  three  years,  has  been  furnished  frooi 
these  sources. 

To  show  its  relations  to  the  building  stone,  a  brief  statement  as  to 
the  composition  of  the  series  in  this  part  of  the  state  will  be  required. 
The  maximum  interval  between  the  Ohio  shale  (black  shale)  and  the 
Lower  Helderberg  limestone  in  central  Ohio  is  found  to  be  about  Dinetj 
feet. '  It  is  filled  as  follows : 
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Olentangy  Bhale,  Hamilton  Bhale...- 16  fe«t. 

Delaware  bluestone,  f  S-ndnsky  bluestone,  f  uTcMm  shlSlf*"'*'  1 32  feet 

Eqniv*:entof  |  Flinty  course.  atOolumbns^  "^^f^^^    j'^^'^t- 

Bone  bed 2  feet 

Columbus  quarries,  (Upper  f  ^ojumbus  limestone,  maximum,  18  ft  | 
Helderberg  lime^tine)      [  ^l^^^Si  !!.^^^^^^^  ?.^^.  25  ft  J  "" 

The  divisiun  named  above  as  the  Columbus  limestone  is,  with  but 
little  doubt,  the  exact  equivalent  of  the  Marblebead  cap-rock,  while  the 
building  stone  below  it  is  a  more  impure  form  of  the  Marblehead  bottom- 
rock. 

The  lime  and  furnace-flux  production  of  the  Columbus  quarries  is, 
or  should  be,  limited  to  the  upper  beds  above  indicated.  The  composition 
of  this  division  has  been  made  known  by  scores  of  analyses,  made 
especially  for  the  furnace  interests  of  the  Hocking  Valley.  The  facts 
are  also  shown  in  analyses  made  for  the  Survey. 

In  Lilley's  quarry,  adjoining  the  old  State  quarries,  there  are  four- 
teen feet  of  this  upper  limestone.  It  is  divided  into  two  sections  by  a 
bed  that  is  known  as  the  '^ smooth-rock."  From  this  bed  upwards  there 
are  eight  feet,  and  below  it,  to  the  so-called  **  rough  rock",  there  are  six 
feet.  The  composition  of  these  divisions  is  shown  in  the  following 
table : 

1.  Upper  division,  8  feet,  Lilley^s  quarry.     (Lord,) 

2.  Lower  division,  6  feet,  Lilley's  quarry.    (Lord.) 


Carbonate  of  lime 

Carbonate  of  magnesia 

Alumina  and  oxide  of  iron, 
Silicious  matter 


The  same  series  of  beds  that  is  represented  in  No.  2,  of  the  above 
table  is  also  covered  by  the  following  analysis  (No.  1),  from  another 
quarry,  made  by  Professor  C.  L.  Meec,  formerly  assistant  chemist  on  the 
Ohio  Geological  Survey,  while  still  lower  beds,  including  the  building 
stone  courses,  are  represented  in  No.  2.  In  No.  3  we  have  the  composi- 
tion of  the  purest  and  best  sample  that  could  be  obtained: 
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1.  From  smooth  rock  downwards,  6  feet,  in  Smith  &,  Price's  qnarrjr. 

2.  From  hnilding  stone  coarse?,  still  lower. 

3.  Selected  sample  of  rock,  from  same  quarry. 


1 

2 

3 

Carbonate  of  lime 

Carbonate  of  magnesia ^ 

Alumina  and  oxide  of  iron- 

93^8 
2.69 
2.18 
1.41 

81.14 

1600 

1.08 

l.M 

94^ 

Ul 

.80 

Silicious  matter- - 

aso 

99.66 

100.16 

100.01 

Further  analyses  of  this  limestone  can  be  found  on  page  682,  of  the 
present  volume. 

The  characteristics  of  the  Columbus  lime  comes  out  to  view  In  these 
figures.  The  stone  from  which  it  is  burned  contains  about  ninety  per 
cent,  of  carbonate  of  lime,  and  is,  consequently,  a  strong  and  hot  lime, 
but  the  percentage  of  silica  is  a  little  higher  than  is  desirable.  The 
silica  occurs  in  association  with  the  fossils  that  constitute  so  large  a 
part  of  the  limestone. 

The  production  has  not  been  increased  during  the  last  ten  jear?. 
There  are  but  two  draw-kilns  used  in  the  manufacture,  and  these  are 
located  in  the  city  of  Columbus,  while  a  considerable  part  of  the  pro- 
duction is,  as  it  always  has  been,  derived  from  pot  kilns  of  primitive 
construction,  located  near  the  various  quarries.  The  truth  is,  the  Co- 
lumbus lime  is  being  displaced,  to  quite  an  extent,  from  the  field  it  has 
always  hitherto  occupied.  Many  of  the  bricklayers  and  plasterers  of  the 
city  are  abandoning  the  home  supply  in  favor  of  the  mild  magnesian 
limes  of  Cedarville,  Carey,  Fostoria,  Rising  Sun,  and  other  like  centers 
of  production.  The  Carey  lime  is  especially  valued  for  the  finishing 
coat  of  the  plasterers,  on  account  of  its  extreme  whiteness.  Marion 
lime  is  also  coming  into  the  city  in  considerable  amount. 

For  paper  mill  use  and  for  gas  purification,  the  Columbus  lime 
ranks  deservedly  high. 

The  lime-production  of  Delaware  county  is  less  important  than  that 
of  Franklin  county,  but  it  is  of  very  much  the  same  character.  The 
same  section  of  the  Upper  Helderberg  limestones  is  the  basis  of  the 
manufacture,  and  the  process  is  conducted  only  upon  a  small  scale,  and, 
for  the  most  part,  in  a  primitive  way. 

At  Delhi,  in  the  valley  of  the  Scioto,  Meredith  &  Jones  have  two 
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draw-kilns,  and  John  Jones  one  kiln.  A  good  deal  of  thf  ir  production 
is  marketed  by  wagon,  but  they  also  reach  the  general  markets  by  haul- 
ing to  Radnor  on  the  Toledo  road. 

Thomas  Owens  has  a  single  drawkila,  located  a  little  lower  in  the 
valley  than  the  Delhi  kilns.  Local  demand  covers  much  of  his  pro- 
duction. 

(6)     Marion  County. 

Lime— Calcareoos  division. 
Horizon—Upper  Helilerberg. 

Within  the  last  ten  years  important  centers  of  lime^ production  have 
been  developed  at  two  points  in  Marion  county,  on  the  line  of  the  Co- 
lumbus, Hocking  Valley  &  Toledo  Railroad,  viz.,  at  Marion  and  at 
Owen's  Station. 

Three  or  more  interests  have  been  combined  in  the  development  of 
these  quarries,  viz.,  the  production  of  a  superior  building  stone  for  the 
Columbus  market,  the  supply  of  limestone  in  large  quantity  for  flux 
for  the  Hocking  Valley  furnaces,  and  the  manufacture  of  lime  for  the 
general  market.  To  these  interests  has  been  added  the  supplying  of 
crushed  stone  for  road  metal,  in  large  quantity. 

To  meet  these  several  demands  the  work  of  quarrying  has  been  ac- 
tively pushed,  and  a  large  amount  of  stone  has  been  taken  out.  Lime- 
burning,  on  a  large  scale,  has  been  made  the  most  prominent  of  the 
interests  already  named. 

ilarion. 

One  mile  north  of  the  Bee-line  crossing,  on  the  Columbus,  Hocking 
Valley  and  Toledo  Railroad,  a  short  ridge  or  knob  of  Upper  Helderberg 
limestone  rLses  to  the  surface  from  under  the  heavy  beds  of  drift  that 
generally  cover. the  country.  It  is  separated  by  comparatively  long 
intervals  from  any  similar  outcrop.  It  occupies  a  few  acres  only  in 
extent;  the  highest  portion  is  about  twenty-five  feet  above  the  prevail- 
ing level  of  the  country.  The  beds  composing  it  are  dipping  to  the 
east  or  northeast  at  an  angle  of  two  to  five  degrees,  so  that  on  the  east- 
ern extremity  of  the  outcrop,  which  is  also  the  highest  portion,  there  is 
a  much  greater  thickness  of  beds  than  is  to  be  found  at  the  western  ex- 
tremity. The  quarries,  as  now  developed,  extend  in  an  east  and  west 
line  not  more  than  twenty  rods. 

By  means  of  this  dip,  combined  with  the  deep  excavations  that 
have  been  made  in  two  of  the  quarries,  all  the  elements  that  enter  into 
the  Upper  Helderberg  limestone  in  northern  and  central  Ohio  are  die- 
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closed  within  this  small  area.  The  bottom  of  the  series  is  reached  in 
the  drainage  sump  of  the  Norris  &  Christian  quarry  on  the  west,  and, 
in  a  like  situation,  in  the  limestone  quarry  of  John  Evans  on  the  north. 
Here  there  are  found  four  feat  of  flinty  courses,  overlying  by  a  short  in- 
terval the  Waterlime  or  Lower  Helderberg  limestone.  The  order  of  the 
beds  seems  very  similar  to  that  of  the  bottom  of  the  series  at  Point 
Marblehead.  Counting  upward  from  this  Lower  Helderberg  boundary, 
the  first  division  that  we  find  is  the  ^^  bottom  rocV^  of  the  formation  in 
northern  Ohio.  Its  thickness  here  is  twenty-five  feet.  In  composition 
it  consists  of  sixty-five  to  seventy  per  cent,  of  carbonate  of  lime,  and 
twenty  five  to  thirty-three  per  cent,  of  carbonate  of  magnesia. 

Next  above  it  is  the  *'  cap-reck'^  of  northern  Ohio.  It  has  a  thick- 
ness of  fifteen  to  twenty  feet.  It  consists,  on  an  average,  of  eighty-four 
per  cent,  of  carbonate  of  lime,  the  several  courses  ranging  from  seventr- 
two  to  ninety-two  per  cent.  It  is  the  only-  part  of  the  quarry  tHat  is 
used  for  furnace  flux. 

The  Sandusky  or  Delaware  blue  stone  completes  the  section,  add- 
ing about  thirty  feet  thereto.  This  is  found  in  the  easterly  quarrj, 
formerly  owned  by  Smith  &  Sons  but  now  by  John  Evans,  and  also  in 
one  of  the  original  quarries  of  the  latter  party. 

The  series  can  be  represented  in  tabular  view  as  followp,  viz.  : 

{BluQ  stone  of  Sandnsk j  and  Delaware,     "j 
HaiAllton  limestone,  Marcellas  shale,  &c.,  > 30  feet 
Used  for  building  stone  and  road  metal,  J 
a      f  Cap-rock  or  furnace-flax,                                \  20fPi»L 

*•     i  Averages  84  per  cent,  of  carbonate  of  lime,  J - 

{Bottom -rock,  or  limestone,                            "I 
Only  rock  used  in  kilns,  V 25  feet 

Averages  66  per  cent,  of  carbonate  of  lime,  J 
Flinty  courses,  overlying  at  short  remove  the  Lower  Helderberg,  4  to  10  feet 

In  this  series  there  are  four  large  quarries  now  opened — one  on  the 
west  side  of  the  railroad,  owned  and  operated  by  Norris  &  Christian, 
and  three  on  the  east  side,  all  owned  and  operated  by  John  Evans. 

The  quarry  on  the  west  side  embraces  in  its  present  workings  only 
the  lowermost  division,  or  No.  1  of  the  column  above  represented.  As 
it  approaches  the  railroad,  the  section  is  re-enforced  by  the  second 
division,  or  the  furnace-flux;  but  this  part  of  the  property  has  not  yet 
been  developed. 

In  the  Evans  quarries  the  entire  series  is  included.  The  northern- 
most  workings  are  in  division  No.  1.  The  middla quarry  includes  fifteen 
feet  of  the  blue  stone  (No.  3),  and  also  about  the  same  amount  of  the 
second  division,  or  furnace  flux.  The  easternmost  quarry  is  operated 
altogether  in  No.  3,  or  the  blue  stone. 
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The  latter  element  is  a  valuable  one  in  the  quarry  interest.  It 
yields  a  handsome,  even- bedded  and  exceedingly  strong  stone,  excellent- 
ly adapted  to  range  work.  It  is  highly  esteemed  and  largely  used  in 
Columbus,  and  in  the  other  markets  which  it  reaches.  The  spalls  are 
all  turned  to  good  account  for  road  metal  and  railroad  ballast,  several 
crushers  being  kept  at  work  in  preparing  them  for  these  lines  of 
service. 

Lime-  Production. 

Norris  &  Christian  have  thus  far  but  a  single  interest  in  operating 
their  quarry,  viz.,  the  production  of  lime.  Their  present  workings  cover 
the  entire  thickness  of  the  lowermost  division.  The  quarry-face  is  about 
twenty  feet  in  the  longest  sections  now  exposed.  The  quarry  equip- 
ment is  efficient  in  every  respect,  steam  being  used  in  lifting  the  stone 
and  in  pumping.  They  have  five  excellently-planned  and  thoroughly- 
built  draw*kilns  in  operation,  and  are  about  adding  a  sixth.  The  daily 
production  of  their  several  kilns  ranges  from  250  to  280  bushels.  Most 
of  their  lime  is  sold  in  bulk,  but  they  are  also  prepared  to  ship  in 
barrels.  The  production  of  these  five  kilns  in  1887  was  320,000  bushels 
of  seventy  pounds  weight.  The  best  of  wood  for  burning  the  lime  is 
secured  by  wagon  and  rail  at  $2.00  per  cord. 

The  composition  of  the  limestone,  as  determined  from  a  careful 
sampling  of  all  the  courses  of  the  quarry,  is  as  follows : 

Marion  Limestone,  from  Norris  &  Christiaii's  qaarry.    {Lord.) 


Carbonate  of  lime 

Carbonate  of  magnesia.. 

Alumina  and  oxide  of  iron.. 
Silicious  matter.. 


66.02 

83.10 

M 

1.60 


100.96 


The  lime  has  an  excellent  and  growing  reputation.  It  has  found 
market  in  Cleveland,  Cincinnati  and  Columbus,  and  at  many  other 
points,  everywhere  displacing  limes  that  have  been  used  for  a  long  time 
and  acceptably.  One  of  its  principal  uses  is  in  paper  mills  and  straw- 
board  works.  For  plastering  and  brick  work,  also,  it  seems  to  be  well- 
approved.  It  lacks  the  extreme  whiteness  of  the  dolomites  of  northern 
Ohio,  but  still  it  compares  well  in  this  respect  with  ordinary  white 
limes. 

Its  durability  in  mortar  seems  to  be  all  that  could  be  asked.  It  ap- 
pears to  much  better  advantage  in  walls  that  have  been  exposed  for  a 
score  or  more  of  years  than  Columbus  lime,  for  example,  and  will  appar- 
ently compare  favorably  in  this  regard  with  the  dolomitic  limes. 
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Mr.  Evans  has  five  draw-kilns  connected  with  his  limestone  quarry. 
The  capacity  of  the  kilns  is  about  240  bushels  daily.  To  keep  up  this 
production,  a  consumption  of  three  cords  of  wood  of  the  best  quality  is 
required.  All  the  lime  of  this  plant  is  sold  in  bulk.  It  is  identical  in 
character  with  the  lime  already  described,  and  is  applied  to  the  same 
uses.  The  section  of  the  limestone  quarry  of  Mr.  Evans  coincides  ex- 
actly with  the  section  of  the  Norris  &  Christian  quarry.  Both  begin 
and  end  alike. 

Mr.  Evans  has  the  limestone  of  the  second  division  opened  on  a 
large  scale,  as  a  source  of  flux  for  the  Hocking  Valley  furnaces.  He 
has  sometimes  filled  his  kilns  for  a  few  days  with  the  stone  of  this 
division,  but  he  reports  unfailing  dissatisfaction  on  the  part  of  his  cus- 
tomers with  the  lime  derived  from  this  source.  Complaint  is  made  of 
its  being  fiery  and  unmana)2;eable.  The  lime  in  question,  it  will  be 
remembered,  contains  eighty-four  per  cent,  or  more  of  carbonate  of 
lime. 

Owena^  Station* 

The  remaining  lime-production  of  this  district  is  found  at  Owens^ 
Station,  five  miles  south  of  Marion. 

A  considerable  area  of  limestone  either  comes  to  the  surface  in  this 
region  or  is  covered  with  but  a  thin  covering  of  drift.  The  quarries 
have  been  worked  for  twenty- five  years  for  lime  and  building  stonCj  but 
in  the  large  way  only  since  the  Toledo  railroad  has  been  opened.  They 
are  now  owned  and  opera,ted  by  Daniel  Owens  &  Son.  Four  or  five  acres 
have  been  worked  already  as  deep  as  it  seems  practicable  to  carry  them. 

Three  draw- kilns  are  established  here,  the  daily  capacity  of  which 
is  rated  at  200  bushels.  Mr.  Owens  reports  a  consumption  of  about  four 
cords  of  wood  to  a  kiln.  The  cost  of  wood  ranges  from  81.50  to  $1.75, 
sometimes  reaching  92.00.  The  production  of  the  kilns  in  1887  was 
about  175,000  bushals  (seventy  pounds  to  the  bushel). 

The  character  of  the  lime  is  quite  different  from  that  of  the  Marion 
lime,  as  will  be  seen  from  the  account  here  appended  of  the  range  of  the 
quarries. 

The  stone  reached  in  these  quarries  includes  the  lower  half  of  No. 
8  (the  blue  stone  division)  of  Marion,  and  the  whole  of  the  middle 
division,  or  No.  2,  of  the  section  given  on  a  preceding  page,  together 
with  a  few  feet  of  the  lowermost  division,  or  No.  3.  It  can  be  shown 
thus,  in  diagram: 

^Blue  stone,  Sandosky  or  Delaware, 


Section  of  Owens'  qaany — 


lower  half 16  feet. 

Flaz-Btone,  or  cap-stone 20  feet. 

L  Bottom-rock,  or  limestone 5  feet. 

40  feet. 
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A  heavy  easteriy  dip  brings  in  the  blue  stone  on  the  surface  of  the 
quarry  upon  the  east  side.  This  division  is  worked  for  building  stone 
and  road-making  material,  the  only  purposes  to  which  it  is  adapted. 
The  remaining  courses,  which  are  devoted  to  limestone  and  furnace- 
flux,  may  be  roughly  classed  as  follows— in  fact,  the  quarry  is  worked 
in  sheets  about  as  here  indicated: 

8.  Beds  aggregating  8  ieeU 

7.  Beds  aggregating  8  feet 
6.  Beds  aggregating  8  feet 
6.  Beds  aggregating  2|  feat 
4.  Beds  aggrecating  4  feet 

8.  Beds  ag}<regating  4  feet 
2.  Beds  aggregating  8|  feet 
1.  Beds  aggregating  2}  feet 

The  line  of  division  between  the  cap-rock  and  bottom-rock  probably 
paFses  between  Nos.  2  and  3  of  the  above  table. 

Through  the  courtesy  of  Mr.  Owens,  the  following  analyses  of  these 
several  divisions  have  been  furnished.  They  were  made  by  Professor 
Lord  for  the  Columbus  and  Hocking  Coal  and  Iron  Company,  asaguidt> 
in  the  selection  of  furnace-flux.  The  numbers  above  given  are  used  in 
the  table : 


8 

7 

1 

6 

5 

4 

1 
8 

2 

1 

Carbonate  of  lime.. 

Carbonate  of  magnesia 

Alnmina  and  oxide  of  iron.. 
8ilicioas  matter.. 

8ado 

2.68 
4.00 
8.20 

80.40 

13.80 

1.26 

4.60 

84.70 
8.64 
4.88 
2.92 

92.00 

M 

6.01 

1.36 

8666 

10.39 

8.06 

1.67 

74.00 

21.46 

1.86 

1.92 

66.16 

27.97 

1.97 

2.20 

72.86 

22.88 

2.66 

1.66 

98.08 

100.06 

100.66 

99.92 

100.66 

99.28 

9829 

99.68 

This  table  tells  its  own  story  with  great  distinctness.  Nos.  3  to  8, 
inclusive,  belong  to  the  flux-stone  of  the  Marion  section.  Nos.  1  and  2 
probably  belong  to  the  limestone,  or  lower  division,  of  the  quarries 
above  named.  If  Mr.  Owens  chooses  to  go  lower  in  his  present  work- 
ings, he  will  reach  the  same  stratum  that  is  supplying  the  Marion  kilns. 
The  stone  is  commonly  worked  in  the  sheets  as  they  are  numbered 
above,  and,  consequently,  any  quality  of  lime  indicated  in  the  table 
can  be  procured  to  order. 

49       G. 
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The  lime  now  produced  is,  for  the  most  part,  a  fiery  lime,  ezcellenV 
ly  adapted  to  paper  and  straw-board  factories,  and  also  to  gas  pnrifict- 
tion  and  glass  making.  For  mason's  and  plasterer's  use  it  is  also 
reported  as  popular,  but  judging  by  the  experience  of  other  prodacers, 
it  is  likely  to  be  displaced  when  brought  into  direct  competition  wil^ 
milder  limes.    Such,  at  least,  has  been  the  usual  experience  in  the  eUtc. 

The  lime  found  market  last  year  as  far  east  as  Greenville,  PenaFjl- 
yania,  and  as  far  west  as  Muncis,  Indiana.  The  prevailing  price  for  tbt 
year  was  nine  cents  per  bushel,  or  fifty  cents  per  barrel,  when  ordered 
in  car-load  lots. 

The  lime  produced  in  the  kilns  of  Marion  and  Owens'  Station  foi 
1887  aggregates  about  260,000  bushels  of  seventy  pounds,  or  87)0<) 
barrels  of  200  pounds  to  the  barrel. 


SUMMARY. 

In  bringing  to  a  close  this  review  of  the  limes  of  Ohio,  the  foUa 
ing  summary  will  be  found  serviceable. 

There  are,  as  shown  in  the  preceding  pages,  four  leading  grades 
lime  now  used  in  the  large  way  in  the  state,  if  the  term  grades  caniv'i 
propriety  be  used  in  designating  proportions  of  lime  and  magnesia  il 
are  fairly  constant.    They  are  as  follows : 

1.  Limes  derived  from  stone  containing  eighty-five  to  ninety-five  per  cent,  oi 

carbonate  of  lime. 

2.  limes  derived  from  stone  containing  seventy-five  to  eighty-five  per  cent 

of  carbonate  of  lime  and  about  twenty  per  cent  of  carbonate  of  mag- 
nesia. 

8.  limes  derived  from  stone  containing  sixty-five  to  seventy-five  per  cent 
of  carbonate  of  lime  and  twenty-five  to  thirty  per  cent  of  carboiia.\fi 
of  magnesia. 

4.  Limes  derived  from  stone  containing,  approximately,  fifty-five  per  cent 
of  carbonate  of  lime  and  forty-fonr  per  cent  of  carbonate  of  mast 
nesia  (dolomites). 

1«  Under  the  first  head  are  to  be  counted  the  Clinton  limi; 
Clarke  and  Miami  counties,  the  Columbus  lime,  the  Ohlemacher  lii: 
Sandusky,  and  the  Owens'  Station  lime  of  Marion  county. 

2.  Under  the  second  head  are  counted  the  limes  of  Point  BCsi 
head  and  Eelley's  Island  (Sandusky  lime),  with  the  exception  of  *\ 
macher's  lime. 
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3.  Under  the  third  head  are  counted  the  limes  of  New  Paris,  Preble 
county,  and  of  Marion. 

4.  Under  the  fourth  head  are  counted  the  magnesian  limes  of 
southwestern  Ohio,  and  also  of  northern  Ohio,  which  are  well  represent- 
ed in  the  limes  of  Springfield,  Cedarville,  Genoa  and  Fremont. 

Ths  stone  of  the  first  division  does  not  appear  to  be  burned  by 
preference,  except  in  the  case  of  the  Clinton  limes.  In  the  other  in- 
stances, it  is  the  only  stone  available  in  the  particular  quarries  that  are 
worked. 

The  stones  of  the  second  and  third  divisions  are,  however,  selected  for 
this  purpose  in  the  presence  of  stone  of  the  first  division  (with  the  ex- 
ception of  New  Paris).  It  is  so  much  preferred,  in  fact,  that  great  ex- 
pense is  incurred  in  removing  the  stone  of  the  first  division  in  order  to 
reach  this  particular  grade. 

The  production  of  the  fourth  division  largely  exceeds  that  of  all 
the  other  divisions  united.  The  second  and  third  divisions  are  being 
expanded  rapidly.  The  first  division  has  but  two  active  centers,  viz., 
the  kilns  of  Ohlemacher  &  Company  and  of  Owidns  &  Son. 

The  conclusion  is  obvious,  that  with  all  the  the  grades  of  limestone 
above  indicated  open  to  their  use,  the  markets  of  Ohio  and  adjacent  ter- 
ritory, decidedly  prefer  for  sources  of  mortar-limes,  stones  that  contain  from 
twenty  to  forty-five  per  cent,  of  carbonate  of  magnesia.  This  selection 
has  been  made,  it  is  needless  to  remark,  solely  on  practical  grounds,  the 
true  chemical  relations  of  these  several  sources  of  lime  never  having 
been  before  made  known. 


CHAPTER  XVI. 


THE    DRIFT    DEPOSITS   OP    OHIO. 


fiT  Edward  Orton. 


The  title  of  this  chapter  may  prove  misleading.  No  discufision  <^  j 
the  origin  or  of  the  order  of  arrangement  of  the  several  kinds  of  drifi 
deposits  found  in  the  state  is  to  be  attempted  here.  The  main  object  is  | 
to  furnish  in  tabular  form,  and  with  due  reference  to  geographical  loca- 
tion and  continuity,  the  facts  that  have  been  published  in  the  foregoing 
pages,  showing  the  thickness  of  the  drift  in  the  state,  and  particnlarlj 
in  its  western  half.  To  the  figures  already  given  a  few  others  will  be 
added. 

The  facts  referred* to  in  the  preceding  statement  have  all  been  ob- 
tained during  the  recent  search  for  oil  and  gas  that  has  been  going  for- 
ward in  Ohio.  The  present  chapter  thus  makes  a  sort  of  supplemeu/ 
to  the  chapters  that  treat  specifically  of  this  search.  It  will  be  proper, 
in  the  same  connection,  to  gather  up  the  various  facts  connected  with 
the  occurrence  of  gas  or  oil  in  drift-beds  throughout  the  state.  Many 
such  facts  have  been  already  reported  in  earlier  chapters  of  the  present 
volume. 

Thk  Drift  as  a  Source  of  Gas. 

On  the  southern  margin  of  the  drift  in  Ohio,  and  for  thirty  or  forty 
miles  back  from  this  margin,  there  are  in  many  parts  of  the  state  con- 
siderable accumulations  of  vegetable  matter  in  the  shape  of  buried  tree- 
trunks,  branches,  leaves  and  fruits.  These  accumulations  are  often  fairly 
continuous  over  considerable  areas,  constituting,  in  such  cases,  tbe 
^'forest  bed"  of  Newberry.  They  are  sometimes  included  in  masses  of 
true  bowlder  clay,  but  more  generally  are  found  upon  the  surface  of  tlie 
bowlder  clay,  and  are  then  covered  only  by  the  later  deposits  of  the 
drift  period,  as  sands,  gravels  and  stratified  clays.    When  lound  in- 
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eluded  in  the  bowlder  clay,  the  vegetation  must  have  been  derived  from 
pre-j;lacial  growths,  by  which  the  surface  of  the  country  was  covered 
before  it  was  overrun  by  the  ice.  When  resting  on  the  bowlder  clay,  a 
different  origin  is  often  clearly  to  be  made  out.  The  vegetation  is  in 
many  of  the  latter  cases  indigenous  or  native  to  the  spot  where  it  is 
found.  Trees  are  found  in  the  drift  with  their  roots  extending  into  the 
bowlder  clay,  and  with  leaves,  and  even  fruits,  well  preserved  in  the 
clays  and  sands  that  cover  them. 

The  depth  at  which  these  vegetable  remains  occur  varies  between 
wide  limits.  A  score  or  two  of  feet  are  often  found,  a  hundred  feet  more 
rarely,  and  in  a  single  case,  four  hundred  feet  of  cover  were  reported  for 
a  considerable  amount  of  wood. 

The  wood  is  sometimes  found  in  a  fair  state  of  preservation,  but  it 
is  generally  well  along  in  decomposition.  When  brought  into  the  air 
the  largest  fragments  of  tree  trunks  will,  as  a  rule,  rapidly  disintegratei 
the  layers  of  annual  growth  separating  easily.  The  kind  of  wood  rep- 
resented in  these  accumulations  is,  in  almost  all  cases,  red  cedar.  The 
leaves  and  berries  of  this  same  tree  are  sometimes  found  associated  with 
the  wood.  Its  dark  color  leads  to  a  popular  identification  of  it  as  black 
walnut* 

This  vegetable  material  is,  in  most  if  not  in  all  instances,  under- 
going a  slow  decomposition,  giving  rise  thereby  to  the  ordinary  products 
of  decay  under  such  circumstances,  viz.,  carbonic  acid  and  light- 
carburetted  hydrogen  or  marsh  gas.  Wells  that  are  dug  through  or  to 
these  deposits  often  strike  considerable  accumulations  of  one  or  other 
of  these  gases.  It  sometimes  happens  that  the  former  (carbonic  acid 
gas  or  choke  damp)  is  found  in  all  the  wells  of  a  neighborhood.  There 
is  a  small  district  near  Mt.  Sterling,  in  Madison  county,  in  which  no 
water  well  (unless  a  driven  well)  has  ever  been  completed,  on  account  of 
the  large  amount  of  this  gas  encountered  in  the  descent  and  before  a 
water-bearing  bed  was  reached.  Several  well-diggers  have  lost  their 
lives  in  the  attempt  to  pass  through  this  poisonous  zone.  (Geology  of 
Ohio,  Vol,  III,  p,  428.) 

Much  more  frequently,  however,  marsh  gas  is  struck  in  these  veget- 
able deposits,  sometimes  escaping  in  large  volume  and  with  great  force 
when  first  released,  and  sometimes  giving  rise  to  a  small  but  persistent 
supply.  The  examples  of  such  gas  production  are  of  common  occur- 
rence in  all  the  area  already  pointed  out. 

No  examples  are  known  in  the  state  of  the  utilization  of  the  gas 
that  is  thus  produced.  In  Champaign  county,  Illinois,  gas  that  appar- 
ently originates  under  precisely  similar  conditions  has  been  introduced 
into  farm-houses  for  heat  and,  after  being  enriched  by  a  gasoline  bath, 
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for  light  also.    Sach  supplies,  amounting  to  a  few  hundred  feet  per  day 
have  been  maintained  for  many  years. 

It  is  scarcely  to  be  doubted  that  supplies  of  this  character  are  arfi 
able  in  some  parts  of  Ohio.  In  fact,  the  amounts  that  certain  wells  i: 
known  to  have  produced  would  be  equal  to  the  demands  that  would  :- 
made  upon  them  in  household  use. 

It  is  well  to  bear  in  mind  that  the  conditions  for  the  production : 
gas  supplies  of  this  sort  are  widespread  and  in  constant  operation.  T. 
find  inflammable  gas  in  small  or  moderate  quantity  in  the  drift  is  Ly 
a  ground  of  surprise.    It  is  an  everyday  and  common*place  occurrenet. 

It  is  also  to  be  remembered  that  the  discovery  of  such  suppli^  giT€- 
no  true  indication  whatever  of  the  presence  of  rock  gas  in  the  under- 
lying strata.  Cases  will  presently  be  named  in  which  gas  in  the  drif. 
may  be  referred  to  the  underlying  rocks,  but  so  far  aa  supplies  that  are 
known  to  be  connected  in  origin  with  the  great  bodies  of  baried  wood 
that  the  drift  formations  contain,  no  warrant  is  given  by  them  to  expect 
any  gas  whatever  from  the  rocky  series  on  which  these  drift- beds  rest 
This  drift  gas  originates  at  a  greater  or  less  remove  from  the  rocks,  £ni 
generally  has  no  connection  with  them. 

In  the  subsequent,  section  there  will  be  discussed  another  aortd 
drift  gas. 

The  DRiFr  as  a  Resbbviob  of  Gas  and  Oil. 

Under  this  head  certain  accumulations  of  oil  and  gas  that  are  occa- 
sionally found  in  the  drift  will  be  described.  At  first  sight  all  of  these 
occurrences  of  gas  might  seem  alike,  but  a  little  examination  suffices  to 
show  a  broad  line  of  distinction  between  them.  In  the  case  now  cob- 
sidered,  porous  beds  of  drift  directly  overlie  gas-bearing  or  oil-bearing 
rocks,  and  during  the  long  periods  in  which  they  have  maintained  this 
relation  they  have,  when  suitable  conditions  of  level  have  been  founds 
been  charged  with  gas  or  oil. 

The  Mecca  oil- field  gives  an  example  of  this  sort  of  accumulation. 
As  stated  on  page  330,  the  bowlder  clay  overlying  the  Berea  grit  at  this  • 
point  has  become  saturated  with  oil.  Another  case  of  the  occurrence  of 
oil  from  the  bowlder  clay  has  recently  been  reported  from  southern  Ohio. 
Cases  of  oil  accumulation  are,  however,  comparatively  rare.  It  is  of 
somewhat  more  frequent  occurrence  that  beds  of  gravel  resting  on  the 
Ohio  shale,  or  other  gas-producing  stratum,  become  charged  with  high* 
pressure  gas.  The  most  interesting  cases  that  have  been  noted  under 
this  head  are  recorded  on  page  349.  At  Wellington,  Lorain  countj,*^ 
a  depth  of  forty  feet  from  the  surface,  the  interval  being  filled  with 
bowlder  clay,  a  bed  of  sand  and  gravel  was  found,  heavily  charged  mtb 
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'^^CLBy  -which  is  obviously  derived  from  the  Black  Berea  shale  on  which 
tlie  porous  beds  rest.    The  gas,  when  its  reservoir  was  tapped,  escaped 
'"-  vritb  great  violence. 

'^'  Hon.  R.  A.  Horr,  whose  residence  is  near  this  well,  was  encouraged 

-^c-   l>y  this  experience  to  drive  a  pipe  on  his  own  premises  to  the  sand  bed. 

£Le  was  rewarded  by  a  flow  of  gas  which  has  supplied  his  house  with 

'::    heat  and  light  for  the  last  six  months,  and  which  shows  thus  far  no 

perceptible  abatement. 
. :.  A  similar  case  is  reported  from  Cleveland  on  page  430.    It  will 

al»o  be  remembered  that  the  drift  beds  at  Findlay  were  directly  con- 
nected with  the  surface  indications  that  the  people  there  so  long  and 
::;      persistently  refused  to  recogniee  in  their  true  significance.    In  pene- 
.:.      trating  them  gas  was  almost  always  obtained  in  considerable  abundance. 
The  two  distinct  sources  of  gas  in  the  drift  have  now  been  pointed 
;:;        out,  and,  in  view  of  the  facts  already  presented,  its  frequent  occurrence 
is  seen  to  be  no  ground  of  surprise.    Its .  geological  significance  is  also 
.^ .       easily  apprehended.    As  a  rule,  it  has  no  bearing  on  the  question  of 
.  ^        rock  supplies. 

The  Thickness  of  the  Dbift  Deposits  in  Ohio* 

Under  the  last  section  will  be  included  the  facts  pertaining  to  the 

^  thickness  of  the  drift  beds  in  Ohio,  for  the  statement  and  arrangement 

of  which  this  chapter  is  mainly  written.    Five  years  ago  the  suggestion 

■■i'"         that  we  could  ever  obtain  as  much  knowledge  in  regard  to  the  thickness 

and  character  of  the  deposits  under  which  the  rock  floor  of  the  western 
c         half  of  Ohio  is  buried  as  we  now  have  in  hand,  would  have  seemed 

visionary  and  extravagant  to  a  high  degree.    Such  an  opportunity 

comes  but  once  in  the  history  of  a  district  or  a  state.    It  is  fortunate 
c  that  we  have  been  able  to  secure  so  large  a  representation  of  the  results 

that  have  been  obtained. 

The  figures  that  the  drillers^  records  have  yielded  are  probably  in 
^  excess  of  all  the  estimates  that  have  hitherto  been  made.    Data  are  now, 

i;  for  the  first  time,  furnished  from  which  a  teasonable  calculation  can  be 

^  made  as  to  the  total  amount  of  driit  which  has  been  deposited  over  parts 

^  of  western  Ohio.    For  other  sections  of  the  state  there  are  not  even  yet 

facts  enough  to  render  such  calculations  safe. 
r  There  are  a  number  of  counties  in  the  northern  part  of  the  state  in 

f  which  the  rock  lies,  in  the  main,  quite  shallow.    Erie,  Ottawa,  Sandu8« 

J  ky,  Seneca,  Wood  and  Hancock  belong  in  this  list,  or  in  other  words, 

the  counties  constituting  the  southwest  boundary  of  Lake  Erie.    The 

deepest  deposits  prevail  in  the  two  western  tiers  of  counties  as  far  south 
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as  Dayton.    Another  series  of  heavy  deposits  extends  through  sereral 
of  the  central  counties. 

The  thickest  deposit  yet  found  is  at  St.  Paris,  Champaign  county. 
The  drive  pipe  descended  there  to  the  extraordinary  depth  of  530  feet 
without  reaching  bedded  rock.  An  account  of  this  remarkable  section 
is  found  on  pages  276-7.  At  400  feet  a  considerable  amount  of  vegetable 
materials^  including  fragments  of  wood  and  bark,  was  eucountered.  An 
ancient  and  important  drainage  channel  of  pre-glaeial  Ohio  is  obviously 
located,  so  far  as  a  single  point  can  serve,  by  this  section.  The  contin- 
uation of  this  channel  to  the  southward  is  probably  indicated  in  the 
wide  erosion  of  the  cliff  limestone  on  the  western  side  of  Clarke  county. 
This  valley  was  pointed  out  in  Vol.  I,  Geology  of  Ohio,  as  the  probable 
location  of  the  Great  Miami  River  in  an  earlier  day  (Map — Chap.  XIII). 
To  the  northwest  of  Champaign  county,  through  Auglaize  and  Mercer 
counties,  great  erosion  in  the  bedded  rocks  has  been  experienced,  the 
entire  sheet  of  cliff  limestone  being  removed  in  several  instances,  as 
shown  by  the  well  records.  It  is  obvious  that  there  are  possibilities  of 
broad  and  deep  continuous  water-ways  throughout  this  region. 

In  the  table  that  follows,  the  thickness  of  the  varied  eheets  of  drift 
that  cover  the  westarn  and,  to  some  extent,  the  central  portions  of  the 
state  is  given.  The  record  is  made  up  by  counties,  and  the  enumeration 
is  begun  in  the  northwestern  corner  of  the  state.  The  counties  are  fol- 
lowed from  west  to  east  through  the  several  tiers. 

The  records  of  a  few  wells  in  Indiana,  adjacent  to  northwestern 
Ohio,  will  also  be  given  in  this  list.    They  are  as  follows : 

Thiekness  of  Drift. 

Aabnrn,  Indiana.* »«».......m....»....  .-•..».•  ..^.^^.^ 282  feet» 

Kendallville,  Indiana y i _400  feet. 

Butler,  Indiana.. ..378  feet. 

Fayette,  Indiana.^ .^ 200  feet. 

Blissfield,  Michigan 200  feet. 

WU.LIAM8  COUMTT. 

Bryan,  Well  No.l .164  feet. 

Bryan,  Well  No.  a 146  feet. 

Bi^an,  Well  No. 8 176  feet. 

Bryan,  Well  No.4 ......167  feet. 

Fulton  Countt. 

Wanseon,  Well  No.  1 \ ^.... 166  feet. 

Delta,  Well  No.  1 116  feet. 

LvcAB  County. 

Monclova ISfeei. 

Toledo,  Rolling  Mill  Well  No.  1.. 110  feet. 

Toledo,  Air  Line  Junction  Well 120  feet. 

Waterville 20  feet. 

Waterville,  WeU  No.  1 20  feet. 
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(^Defiance,  Henrys  Wood,  Ottawa,  Sandusky.) 

Dbfiancb  County. 

Thickness  of  Drift. 

Defiance,  Well  No.  1,  Valley  of  Maamee. 18  feet. 

Hicksville,  Well  No.  1 .laSieet 

Hbmry  County. 

Napoleon,  Well  No.  1 48  feet. 

Deshler,  Well  No.  1 71  feet. 

Wood  County. 

Bowling  Green Rock  at  surface. 

Portage Rock  at  surface. 

North  Baltimore,  Well  No.  1 43  feet 

North  Baltimore,  Peters'  Well,  No.  1 16  feet. 

Rocky  Ford,  Well  No.  1 61  feet 

Bairdstown,  Simon's  WelL Rock  atsurface. 

Bloomdale,  Well  No.  1.- 16  feet 

Bradner,  Well  No.  1- 20  feet 

Weston,  Well  No.  1 70  feet 

Ottawa  County. 

Port  Clinton,  Well  No.  1 48  feet 

Oak  Harbor,  Well  No.  1 89  feet 

Elmore,  Weil  No.  1 42  feet 

La  Carne,  Well  No.  1 100  feet 

Sandusky  County. 

Fremont,  Well  No.  1- 10  feet 

Clyde,  Well  No.  1 180  feet 

Clyde,  Well  No.  2 67  feet 

(Putnam,  Hancock,  Seneca,  Huron,) 
Putnam  County. 


y  Ottawa,  Beckmann  Well 95  feet 

jir  Ottawa,  Citizens'  Well.- 60  feet 

»'  Columbus  Grove 17  feet 

Leipsic 76  feet 

Kalida 16  feet 

l>'  Hancock  County. 

y  Findlay,  Pioneer  Well 8  feet 

y  Findlay,  Jones  WelU :     8  feet 

;■•  Findlay,  Karg  Well 18  feet 

Findlay,  Cory  Well 86  feet 

•■i>  Arcadia,  Well  No.  1 66  feet 

■;  McComb,  Well  No.  1.. 62  feet 

,,,  SxNBCA  County. 

',,  Hffln,  Well  No.  1 ..Rock  at  surface. 

j!.  Liberty  Township,  Frost  Well 46  feet; 

"^4  Green  Springs,  Well  No.  1 17  feet 
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HUBOM  GOUKTT. 

ThickneBB  of  Drift 

Norwalk,  Deep  Well  No.  1 86  feet 

Bellevue,  Well  No.  1 17  feet 

Plymouth,  Well  No.  1 12  f«set 

Chicago  Jnnctioii,  Well  No.  1 ..ISO  feet 

New  London,  Well  No,  1 90  feet 

(  Wyandot  and  Crawford.} 

Wyakdot  County. 

Upper  Sandasky,  Well  No.  1... ^ 20  feet 

Upper  Sandusky,  Well  No.  2  (Taylor) 70  feet 

Upper  SanduBky,  Well  No.  8  (Steby) 70  feet 

Upper  Sandusky,  Well  No.  4  (Infirmary) 40  feet 

Upper  Sandusky,  Well  No.  6  (McConnell) 68  feet 

Carey,  Well  No.  1 Bock  at  surface. 

Whartonsburg,  Well  No.  1 «  48  feet 

NoTB.— Nob.  1  and  4  are  located  in  valleys.    The  prevailing  thicknesB  of  drift  in 
the  central  portion  of  the  county  appears  to  be  70  feet 

Crawford  County. 

BucyruB.  Well  No.  1 20  feet 

BucyruB,  Well  No.  2 90  feet 

Crestline,  Well  No.  2 «  27  feet 

(^Van  Wert,  AUen^  Hardin,  Marion.) 

Van  Wert  County. 

Van  Wert,  Well  No.  1 32  feet 

DelphoB,  Well  No.  1 6  feet 

Allen  County. 

Lima,  Well  No.  1.. 18  feet 

Bluflfton,  Well  No.  1 6  feet 

Hardin  County. 

Kenton,  Well  No.  1 24  feet 

Patterson,  McVitty  Well «    4  feet 

Forest,  Well  No.  1 69  feet 

Marion  County. 

Marion,  Well  No.  1.. 18  feet 

Prospect.  Well  No  1 64  feet 

{Mercer,  Auglaize,  Shelby,  Logan,  Union,  Delaware.) 

Mercer  County, 

Celina,  Well  No.  1 70  feet 

Franklin  Township,  Doenzes  Well 110  feet 

St.  Henry,  Well  No.  1 « 187  feet 

8t  Henry,  Well  No.  2 184  feet 

Ft  Recovery,  Well  No.  1.. 145  feet 

Mendon,  3  miles  eastof.. S25  feet 

North  line  of  county 15  to  50  feet 

South  edge  of  Reservoir 40  to  100  feet 
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AuGLAizB  County. 

Thickness  of  Drift. 

Wapakoneta,  Well  No.  1 96  feet. 

Wapakoneta,  Well  No.  2 , 158  feet. 

Backland,  2i  miles  west 40  feet 

North  line  of  Coanty 15  to   50  feet 

Minster,  2  mUes  northwest  of 220  feet 

New  Bremen 110  feet. 

CridermUe  and  Ticiwty. 

OridersviUe,  Well  No.  1,  Cobb,  Page  &  Co.. 800  feet 

Duchouquet  Township,  Sec.  34,  Lydia  DeLong  WelL 885  feet 

Duchouqnet  Township,  Sec.  34,  H.  Heeler  Well 170  feet 

Dachouquet  Township,  Sec.  8,  Geo.  DeLong  Well ..428  feet 

Sl  Mary*s  and  Vicinity. 

St  Mary's,  2  miles  south  of 875  feet. 

St  Mary's,  Well  No.  1 121  feet 

St  Mary's,  Well  No.  2 110  feet 

St  Mary's,  Giddens  Well - 220  feet 

St  Mary's,  Koop  Well,  No.  1 ..320  feet 

St  Mary's  Township,  Sec.  80,  Wm.  Axe  Well 80  feet 

St  Mary's  Township,  Sec.  22,  Kellermyer  Well 92  feet 

St  Mary's  Township,  Sec.  22,  Quellhorst  Well 90  feet 

St  Mary's  Township,  Sec.  14,  Kirtin  Well ..120  feet 

St  Mary's  Township,  Sec.  15,  J.  R.  Wilkins  Well 90  feet 

St  Mary's  Township,  Sec.  15,  Miller  Well 100  feet 

St  Mary's  Township,  Sec.  15,  Longswhrth  Well 40  feet 

St  Mary's  Township,  Sec.  15,  0.  Wilkins  Well 80  feet 

St  Mary's  Township,  Barriogton  Well 80  feet 

St  Mary's  Township,  Armstrong  Well 125  feet 

St  Mary's  Township,  Young  Well 24  feet 

Washington  Township,  Sec.  19,  W.  Schroyer  well 400  feet 

Shelby  County. 

Sidney,  Well  No.  1 Rock  shallow. 

Sidney,  Well  No.  2 "        " 

Sidney,  Well  No.  8 90  feet 

New  Berlin 428  feet. 

LoGAK  County. 

Bellefontaine,  Well  No.  1- 150  feet 

Belle  Center,  Well  No.  1 40  feet 

Huntsville,  Well  No.  1 67  feet 

.  Union  County. 


J 
t 
t 
t 

^  Dklawabb  County, 

r 

f 


Marysville,  Well  No.  1 106  feet 

Magnetic  Springs,  Murphy  Well 40  feet 


Delaware,  Well  No.  1.. 20  feet 
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(Darke,  Miamiy  Champaign^  Clarke^  Madison,  Franklin^  Licking.) 

Dabeb  County. 

ThickneBS  of  Drift 

Greenville,  Well  No.  1... 89  feet 

Union  Oity,  Well  No.  1 104  feet 

Miami  County. 

Troy,  Well  No.  1 133  feet 

Plqaa,  Well  No.  1 Rock  at  surfuce. 

Covinjcton,  Well  No.  1 Rock  at  enrface. 

Champaign  County. 

Urbana,  Well  No.  1 155  feet 

Urbana.  Well  No.  2 , 133  feet 

Urbana,  Well  No.  8..... 102  feet 

St  Paris,  Well  No.  1 630  feet 

St  Paris,  Well  No.2 ; 870 feet 

Mechanicsbnrg,  Well  No.  1 280  feet 

Clarke  County. 

Springfield,  Well  No.  1 Rock  at  snrface. 

Pike  Township,  Mower  Well 93  feet 

Madison  County. 

London,  Well  No.  1 , 156  feet 

London,  Well  No.2 260 feet 

Fbanklin  County. 

Oolnmbus,  State  Honse  Well 123  feet 

Colnmbua,  Natural  Gas  Company's  Well 104  feet 

Licking  County. 

Newark,  Well  No.  1 235  feet. 

Newark,  Everett  Well 165  feet 

(Preble,  Montgomery,  Oreene,  Fayette,  Pickaway,  Fairfield), 

PsEBLB  County. 

Eaton...., Rock  shallow. 

Camden,  Well  No.1.. ..181  feet. 

Montoombby  County. 

Dayton,  Well  comer  First  and  Findlay  streets.. 247  feet. 

Miamisburg,  Well  No.2 181  feet. 

Gbbbnb  County. 

Xenia,  WellNo.l 94  feet. 

Osbom,  Well  No.l JM)7  feet. 

Faybttb  County. 
Washington  C.  H.,  Well  No.  1 70  feet 

Pickaway  County. 
Cirdeville,  Well  No.  1 140  feet 


THE  DRIFT  DEPOSITS.  781 

Faibfibld  County. 

Thickness  of  Drift. 

Lancaster,  Well  No.  1 132  feet. 

Lancaster,  Mt.  Pleasant  Well.. 60  feet 

Hadley  Juncdon,  Well  No.  1 835  feet 

Carroll,  Well  No.  1 260  feet 

{BtUleTj  HamiUony  Warren,  Clinton.') 

BuTLBB  County. 

Hamilton,  Well  No.  1  SMX)  feet 

Hamilton,  Well  No.  2 214  feet 

Oxford,  Well  No.  1 -  40  feet 

Middletown,  Well  No.  1 10  feet 

Hamilton  (Bounty. 

Cincinnati,  Well  comer  George  and  Freeman.. 48 feet. 

Cincinnati  (Newport),  Hemiogray  Well 70  feet 

Cincinnati,  Gas  Company's  Well 120  feet. 

Warrbn  County. 
Lebanon,  Turtle  Creek  Well... 126  feet 

CuNTON  County. 
Wilmington,  Well  No.  1 84  feet 

A  few  figures  in  the  same  line  are  given  from  counties  outside  of  the 
limits  that  have  been  considered: 

Richland  Coanty Shelby 66  feet 

Knox  County.. Mt  Vernon... 87  feet 

Summit  County... Coventry 27  feet 

Summit  County '. Akron 60  feet 

Medina  County Medina... 86  feet 

Lorain  County Wellington,  Well  No.  1 108  feet 

Lorain  County Wellington,  Well  No.  2 86  feet 

Stark  County... Maasillon.. 146  feet. 

Stark  County... Canton 17  feet 

Wayne  County... Wooeter. ., 28  feet 

Coshocton  County ^ Coshocton 171  feet 

Hocking  County Logan 28  feet 

Hocking  County Logan 82  feet 

Trumbull  County... Youngstown  (Keywight  Well).. 84  feet 

Trumbull  County... Youngstown  (Hazelton  Well) 60  feet 

Scioto  County.. Portsmouth 70  feet 

GuemseyCounty -Kimbolton 76  feet 

Guernsey  County Cambridge 64  feet 

Jefferson  County Steubenville 76  feet 

Many  of  these  records  are  derived  from  drilling  done  in  the  valleys 
of  central  and  southern  Ohio,  and  thus  sisrve  to  show  the  great  amount 
of  pre-glacial  erosion  that  these  regions  have  endured.  A  few  examples 
are  appended: 
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Mad  River  and  Jfiomt  System, 

Thickneas  of  Drift 

8t  Paris^ 630  feet 

Urbana  ^ 166  feet 

Oaborn &07  f  eeC 

Troy 138  feet 

Dayton 247  feet. 

Miamisbarg^ 181  feet 

Oamden «181  feet 

Hamilton^ ^ JS 14  feet. 

Lebanon 126  feet 

Cincinnati.. 120  feet. 

Scioto  ValUy. 

Colnmbos.^ 104  feet. 

OirQleville.. 140  feet. 

Hbeking  VaUey. 

Hadley  Junction.. 835  feet 

Carroll 280  feet 

Lancaster.. \ 182  feet 

Mwkivgum  Valley, 

Newark- 336  feet 

Kon.— The  liat  above  given  can  be  greatly  increased  in  value  if  those  who  read 
this  chapter  will  forward  to  the  author  any  additional  facts  pertaining  to  this  subject. 

Low-water  at  Cincinnati  is  counted  440  feet  above  mean  tide.  By 
examination  of  the  facts  given  above,  in  connection  with  the  sarface 
elevations  of  the  locations  of  the  wells,  it  is  seen  that  this  ancient 
erosion  has  been  in  several  instances  carried  below  the  lowest  point 
from  which,  at  the  present  day,  water  can  be  drained,  within  the  limits 
of  the  state.  The  deep  excavations  shown  in  the  Dayton  well  and 
in  the  Hamilton  well,  as  well  as  in  the  Cincinnati  records,  are  examples 
of  this  sort.  At  these,  and  many  other  points,  the  erosion  has  reached 
several  hundred  feet  below  the  present  drainage  levels  of  the  district 
within  which  these  wells  are  included. 

What  is  counted  above  as  thickness  of  the  drift  is  very  likely  to  be 
in  some  cases  a  few  feet  in  excess  of  the  facts.  The  length  of  the  drive 
pipe  may  have  been  given  instead  of  the  exact  thickness  of  the  drift 
beds.  The  drive  pipe  is  generally  carried  a  few  feet  into  the  underlying 
bedded  rock. 


CHAPTER    XVII. 

SUPPLEMENTAL  REPORT   ON   THE  NEW   GaS   FIELDS  AND 
OIL  FIELDS  OF  OHIO. 


By  Edward  Orton. 


In  the  brief  chapter  which  is  here  to  follow,  a  few  of  the  latest  facts 
in  regard  to  gas  and  oil  from  the  new  horizons  will  be  stated. 

The  Clinton  Limestone. 

La'ncasUr. 

On  pages  382-388  an  account  is  given  of  the  important  discovery  at 
Lancaster  of  a  source  of  high-pressure  gas  in  respectable  volume  in  the 
Clinton  limestone.  The  facts  there  presented  have  been  supplemented 
in  the  interval  that  has  passed  since  they  were  put  in  type.  Two  addi- 
tional wells  have  been  drilled  since  that  date,  the  records  of  which  are 
as  follows  .* 

Well  No.  4  is  located  on  the  west  side  of  town,  at  the  brewery,  about 
one-half  mile  south  of  No.  2.  Gas  was  struck  at  a  depth  of  1950  feet, 
and  the  daily  flow,  as  measured  by  Professor  G.  W.  Welch,  superintend* 
ent  of  schools,  is  650,000  feet  per  day.    This  flow  is  from  a  4^  inch  pipe. 

Well  No.  5  is  one-half  a  mile  south  of  No.  4.  It  was  completed  in 
February,  1888.  *  It  found  gas  at  1940  feet,  and  its  daily  production  is 
260,000  feet  per  day,  from  a  4 J-inch  pipe. 

On  page  387  the  prediction  was  made  that  a  closed  pressure  far  in 
advance  of  the  Findlay  field  would  be  found  ^in  the  Lancaster  wells. 
This  prediction  is  verified,  at  least  in  part,  in  the  following  table,  viz. : 

Closed  or  rock-pressare  of  Well  No.  1 866  pounds  to  square  inch. 

Closed  or  rock-pressare  of  Well  Na  % 886  pounds  to  square  inch. 

Closed  or  lock-pressure  of  Well  No-  8 810  pounds  to  square  inch. 

Closed  or  rock-pressure  of  Well  No.  4 700  pounds  to  square  inch. 
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The  last  figure,  derived  from  the  mo^t  recently  completed  well 
the  list,  probably  exhibits  the  normal  rock  pressure  of  the  field. 

The  table  of  production  of  the  five  wells  now  completed  is  ap- 
pended : 

Size  of  pipe.  Daily  prodoctioo. 

Well  No.  1 of  inch.  74,880  cable  feet. 

Well  No.  a 4J    "  878,000    «         « 

Well  No.  a 5|    "  7W,000    « 

Well  No.  4 4i    "  050.000    •* 

Well  No.  6 4t    "  260,000    - 

None  of  the  wells  have  been  torpedoed  except  No.  1,  and  the 
measurement  of  thi^,  as  above  given,  was  taken  before  the  shot. 

Wells  Nos.  2  and  3  are  furthest  north,  and  the  inference  from 
present  developments  is  obvious  that  the  best  promise  is  to  be  found  in 
that  direction. 

The  coFt  of  the  wells  has  been  greatly  reduced  since  the  facts  of  the 
section  have  come  to  be  understood.  The  last  two  wells  have  cost  only 
about  93,500  each.    Well  No.  4  was  put  down  in  thirty-seven  days. 

For  the  facts  of  the  Lancaster  field,  including  the  measurements  of 
the  last  two  wells,  the  Survey  is  under  great  obligation  to  Superintend- 
ent O.  W.  Welch.  It  is  to  this  gentleman  as  much,  to  say  the  least 
as  to  any  other  that  Lancaster  owes  her  present  good  fortune  in  a  natural 
gas  supply.  The  town  is  rapidly  being  piped,  and  the  introduction  and 
use  of  the  gas  give  great  satisfaction. 

The  Trenton  Limestone. 
Tiffin. 

A  good  deal  of  drilling  has  gone  on  in  and  around  Tiffin  durin;^  the 
last  few  months.  The  success  of  the  Loom  is  and  Nyman  well,  described 
on  page  199,  has  revived  the  interest  in  the  search,  and  two  of  the  six 
wells  since  drilled  have  started  out  with  a  production  of  considerable 
value.  The  most  recent  testimony  is,  however,  to  the  effect  that  this 
production  is  not  well  sustained,  oil  having  followed  the  gas  very  closely. 
This  implies  that  the  arches  for  gas  accumulation  are  small.  The  record 
of  the  wells  is  summarized  below  : 

Powell  Well,  one-eighth  mile  below  Loomis  and  Nyman  well,  in  river  valley. 

Trenton  limestone  reached  at.. 1455  feet. 

Depth  in  Trenton.. 38  feet. 

Prodaction  estimated  at  1,250,000  cahic  feet  per  day* 

Foraker  Well,  near  water  works  dam,  in  river. 

Trenton  limestone  reached,  about 1660  feet. 

or  100  feet  lower  than  in  Loomis  &  Nymam'  welL 
Well  nnprodaotive. 
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Harshberger  Well— Trenton  limestone  reached  at 1547  feet. 

Drilled  to  depth  of 1768  feet. 

Well  nnprodactive. 

King  Well,  one  mile  northeast  of  town. 

Trenton  limestone  reached  at 1606  feet 

Drilled  into  Trenton 120  feet. 

Well  nnprodactive. 

Atkins  Well,  foar  miles  west  of  town. 

Ttenton  limestone  reached  at : 1484  feet. 

Drilled  to  depth  of 1647  feet 

Well  nnprodactive. 

Eureka  Well,  two  sqaares  east  of  Loomis  &  Nyman  well. 

Trenton  limestone  reached  at 1467  feet 

Well  torpedoed  in  November,  1887. 

Prodaction  estimated  at  2,000,000  cubic  feet  per  day. 

Welch  well,  located  in  town,  south  of  Pennsylvania  R.  R.  station. 

Trenton  limestone  reached  at 1466  feet 

Depth  in  Trenton 24  feet 

Production  estimated  at  400,000  cubic  feet  per  day. 

Fanning  well,  600  feet  north  and  a  little  west  of  Welch  well. 

Trenton  limestone  reached  at 1469  feet 

Depth  in  Trenton  limestone 22  feet 

Production  estimated  at  1,260,000  cubic  feet  per  day. 

In  the  last  named  well,  which  was  finished  in  February,  1888,  the 
gab- rock  was  found  much  looser  in  texture  than  in  any  well  previously 
drilled.  Its  natural  flow  was  also  greater,  but  the  increase  by  ''shoot- 
ing" was  much  less  than  had  been  gained  in  the  other  productive  wells. 
It  is  free  from  oil  as  yet,  but  the  days  of  its  exemption  are  probably 
numbered.  The  wells,  when  shot,  produce  dry  gas  for  about  five  weeks. 
At  the  end  of  that  time,  the  oil  appears  with  the  gas  and  in  the  case  of 
the  wells  whose  production  is  largest,  it  gains  rapidly  at  the  expense  of 
the  gas,  choking  it  out  in  a  short  time.  The  Powell  well  has  already 
been  overrun  so  as  to  be  valueless  for  gas.  The  smaller  well  of  Loomis 
and  Nyman  produces  about  two  barrels  of  oil  per  day,  without  any  de- 
cided loss  of  gas  so  far  as  noted.  It  was  torpedoed  with  a  small  shot  a 
few  months  since,  and  its  flow  is  reported  as  increased  thereby  several 
fold.  It  is  now  said  to  carry  the  boiler  connected  with  the  works,  ten 
large  stoves,  the  melting  pots  for  Babbit  metal  and  brass,  the  core  ovens 
and  twenty  or  thirty  torches  for  illumination.  Its  rock  pressure  is,  how- 
ever, rapidly  declining.  Before  the  well  was  torpedoed,  the  pressure 
was  at  least  650  pounds  to  the  square  inch  (see  page  200).  At  the  present 
time  it  never  rises  above  825  pounds. 

These  facts  serve  to  indicate  the  real  nature  of  the  TifiSn  field.  A 
well  marked  fold  passes  through  the  center  of  the  town,  but  it  is  of 

50       G. 
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small  extent.  The  gas  which  occupies  the  summit  is  in  all  cases  doeelj 
followed  bj  the  oil,  and  the  oil  is,  as  usual,  followed  and  impelled  bj 
salt  water  that  gains  its  head  of  pressure  from  distant  outcrops  of  the 
rock  that  contains  it. 

The  estimates  of  the  original  production  of  the  Powell  and  Eureka 
wells  were  doubtless  large.  It  is  not  known  that  measurements  were 
made  at  the  time. 

Bryan, 

Bryan  has  continued  the  search  for  gas<and  oil  in  the  Trenton  lime- 
stone of  its  vicinity.  The  record  on  page  247  brought  the  history  down 
to  well  No.  3.  This  well  is  one  mile  south  of  the  court  house.  Well 
No.  4  was  located  3,000  feet  southwest  of  it. 

The  record  of  No.  4,  in  briefest  terms,  is  as  follows : 

Drift 167  feet. 

Cased  at 1800  feet 

Trenton  limestone 1914  feet. 

Gag  at 1968  feet  and  1976  feet 

Well  finiahed  at  1960  feet,  where  a  little  oil  appeared.   * 

A  few  feet  of  red  Medina  shale  were  struck  just  below  the  casing. 
The  well  was  shot  with  sixty  quarts  of  nitro- glycerine.  The  effect  was 
to  increase  the  flow  of  gas  and  also  of  the  oil  which  appeared  in  small 
quantity  just  below  the  lowest  gas. 

The  well  was  measured  December  10th,  1887,  by  the  anemometer, 
and  the  daily  yield  was  found  to  be  70,560  feet,  at  a  temperature  of 
about  32^  F.  A  considerable  increase  of  production  has  since  been  re- 
ported from  this  well. 

A  few  additional  facts  in  regard  to  well  No.  3  will  be  given. 

This  well  was  also  ''shot"  in  December,  1887,  with  a  moderate 
charge,  but  no  advantage  was  realized  from  the  operation.  A  column 
of  water,  1,900  feet  in  depth,  had  been  left  upon  the  gas-rock  for  some 
time,  from  a  leaky  casing,  and  the  force  of  the  gas  was  greatly  reduced 
thereby.  In  October,  1887,  the  pressure  rose  to  200  pounds  in  nine  and 
one-half  minutes.  In  December  it  rose  to  67  pounds  in  the  same 
time,  and  to  118  pounds  in  one  hour 

Measured  by  the  anemometer,  December  lObh,  1887,  the  flow  of  gas 
was  found  to  be  164,087  feet,  at  a  temperature  of  about  32°  P.  The 
united  capacity  of  these  wells,  measuring  the  entire  flow  at  the  well 
heads,  is  seen  to  t  e  224,647  feet  per  day,  or  in  round  numbers,  a  quarter 
of  a  million  cubic  feet.  It  has  not  yet  been  piped  to  the  town  for  use. 
An  expenditure  of  at  least  $26,000  has  been  made  here  and  the  results 
are  given  above. 
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At  Edgerton,  in  the  same  county,  a  well  has  been  drilled,  the  pro- 
duction of  which  is  rejiorted  as  150,000  cubic  feet  per  day.  It  is  utilized 
to  some  extent  in  the  village. 

St.  Henry's  Qas  Fidd. 

The  St.  Henry's  field,  which  was  opened  in  December,  1886,  has  been 
developed  and  enlarged  since  that  date  to  a  considerable  extent.  There 
are  six  wells  now  located  within  a  radius  of  three  miles  from  well  No.  1. 
One  of  them  is  dry.  The  remaining  four  range  in  production  between 
a  half  million  and  three  million  cubic  feet  per  day,  when  measured  in 
the  casing. 

The  last  two  wells  have  been  drilled  by  the  Greenville  Natural  Gas 
Company,  with  reference  to  obtaining  a  supply  for  the  town  of  Green- 
ville and  intervening  villages.  Three  dry  wells  have  been  drilled  by 
the  company  in  the  vicinity  of  Greenville.  The  new  wells  are  located  on 
eighty  acres  leased  by  the  company  in  Granville  township,  Mercer  county, 
and  are  located  twenty  miles  due  north  of  Greenville,  and  near  the  line 
of  the  '^  Mackinaw  "  railroad. 

The  first  well  was  brought  in  during  the  fall  of  1887 ;  the  second, 
early  in  1888.  Well  No.  1  was  torpedoed  and  improved  thereby.  Well 
No.  2  is  a  much  stronger  well,  and  has  not  been  torpedoed.  The  rock 
pressure  is  the  same  as  that  already  found  elsewhere  in  the  field,  viz.,  360 
to  375  pounds  per  square  inch.  The  depth  of  the  wells  and  the  relation 
of  the  Trenton  limestone  to  sea  level  are  also  virtually  the  same  as  in 
the  St.  Henry's  wells  already  reported  (see  page  260). 

The  production  of  the  wells  was  determined  on  February  27, 1888. 
The  volume  was  calculated  for  a  temperature  of  50^  F.,  the  average  sur- 
face temperature  of  this  part  of  the  state.  The  temperature  of  the 
escaping  gas  is  about  35^  F. 

Well  No.  1  yields  on  this  basis    417,490  cubic  feet  per  diem. 
Well  No.  2  yields  on  this  basis  2,698,000  cabic  feet  per  diem. 

The  united  production  is  8,116,090  per  diem. 

Well  No.  2  is  somewhat  stronger  than  the  Dwyer  well  No.  1,  but  no 
reliable  figures  were  obtained  from  the  latter.  This  well  (Greenville 
No.  2)  is  thus  found  to  be  the  second  in  strength  of  those  that  have 
been  measured  in  the  Mercer  county  field,  the  first  place  being  held  by 
the  Doenzes  well  of  Franklin  township. 

The  record  and  experience  of  well  No.  1  (Greenville  Co.)  have 
cleared  up  very  satisfactorily  an  anomaly  found  in  well  No.  2,  St.  Henry's, 
described  on  page  261.  The  fragments  of  limestone  thrown  out  by  the 
explosion  of  the  torpedo  in  the  latter  well  proved  to  be  a  true  carbonate 
of  lime,  of  exceptional  purity.    It  was  inferred  that  these  fragments 
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represented  the  gas-rock,  and  the  difference  of  composition  between  this 
and  the  normal  gas-rock  was  duly  noted.  It  was  found,  however,  in 
well  No.  1,  above  named,  that  this  true  limestone  constitutes  the  cap  of  the 
gas-rock  which  has  the  usual  dolomitic  composition.  The  driller  de- 
scribes this  cap  as  very  hard  rock  and  entirely  destitute  of  gas;  this  cap 
is  probably  not  continuous  on  the  large  scale  in  any  division  of  the  field. 

This  field  is  evidently  one  of  much  value  and  promise.  It  is  a  part 
of  the  great  Auglaize-Mercer  field,  to  which  scant  justice  has  been  done 
in  the  preceding  pages,  its  development  having  mainly  followed  the 
completion  of  the  account  of  that  portion  of  the  state. 

St.  Mary's  and  Lima  are  now  supplied  with  abundance  of  gas  from 
this  field  by  a  pipe-line,  and  other  towns  to  the  southward  are  sure  to 
draw  a  supply  from  the  same  region. 

WaterviUe^  Perryaburg  and  Hashins. 

Under  this  head  a  few  facts  will  be  given  as  to  recent  developments 
in  the  lower  Maumee  Valley.. 

In  the  preliminary  report  of  1886,  attention  was  called  to  the  fact 
that  the  Findlay  break  extends  in  a  direction  a  little  west  of  north, 
through  Hancock,  Wood  and  Lucas  counties.  There  is  a  nearer  approach 
to  an  anticline  here  than  in  most  parts  of  the  field,  the  eastern  slope 
being  quite  steep.  On  this  ridge  of  Trenton  limestone,  a  few  gas-wells 
of  rather  light  volume  have  been  found  in  the  midst  of  generally  unpro- 
ductive territory.  Several  are  located  near  Waterville,  and  one  recently 
brought  in  above  Perrysburg  is  reported  by  N.  L.  Hanson,  Esq.,  to  show 
an  open  pressure  of  two  pounds  in  a  two-inch  pipe.  This  stands  for  a 
daily  production  of  1,140,000  cubic  feet.  It  is  the  fifth  well  drilled  by 
Perrysburg  interests,  and  the  first  that  possesses  any  value  whatever. 

At  Haskins  an  oil  well  of  moderate  value  has  been  struck  within 
the  last  few  months. 

Lindsey  and  Oibsonburg. 

Drilling  has  been  continued  in  the  western  parts  of  Sandusky  and 
Ottawa  counties  during  the  last  few  months  with  considerable  force,  and 
with  some  returns  in  the  way  of  gas.  At  Lindsey  the  third  well  has 
proved  to  be  a  fair  gas  well,  adequate  in  its  present  volume  to  the  supply 
of  the  town.  The  well  produces  from  a  two-inch  pipe  460,000  cubic  feet 
of  gas  per  day.  The  rock  pressure  is  at  least  500  pounds.  The  increase 
of  pressure  when  the  well  is  shut  in  is  100  pounds  in  one  and  three- 
fourths  minutes,  and  490  pounds  in  thirty  minutes. 

If  the  account  could  stop  here,  a  favorable  conclusion  might  be 
drawn  in  regard  to  this  field.  One  fact  remains  to  be  added,  viz,  the 
presence  of  oil  in  the  well.    The  Trenton  limestone  was  reached  at  1,241 
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feet  below  the  surface  and  was  penetrated  but  nine  feet.  The  well  was 
shot  with  twenty  quarts  of  nitro-glycerine,  and  while  the  flow  of  gas 
was  greatly  increased,  oil  now  comes  with  it.  This  is  the  threatening 
factor  in  ail  this  portion  of  the  field.  The  same  state  of  things  exists 
at  Oak  Harbor  and  Gibsonburg.  The  life  of  the  wells  is  likely  to  be 
short  under  these  conditions. 

Tbenton  Limestone  Oil. 
Its  Character  and  Uses, 

The  large  production  of  oil  actually  realized  from  the  Trenton 
limestone  in  Allen,  Hancock  and  Wood  counties  has  been  described  in 
Chapter  III,  and  particularly  on  pages  168,  178-9,  and  237-8.  The  pos- 
sibilities of  production  vastly  in  excess  of  that  which  has  thus  far 
been  realized,  have  also  been  pointed  but  in  the  same  connections.  The 
disposition  made  of  the  oil  and  the  prices  paid  for  it  at  different  times 
since  the  production  began,  have  also  been  in  part  noted,  but  the  vital 
questions,  as  to  its  real  value  and  uses  to  which  it  is  best  adapted,  have 
been  thus  far  postponed.  A  few  words  must  be  devoted  to  these  ques- 
tions now. 

Trenton  limestone  oil  is  a  typical  limestone  oil,  dark  in  color,  rather 
low  in  gravity,  and  containing  a  percentage  of  sulphuretted  products 
which,  though  absolutely  small,  is  relatively  large.  The  last  element 
makes  itself  offensive  by  a  penetrating  and  characteristic  odor,  and  re- 
sists expulsion  with  great  stubbornness.  The  extremes  of  gravity  noted 
in  it  are  SI""  and  42""  B.,  at  a  temperature  of  60""  F.,  but  the  bulk  of  the 
fresh  oil  is  included  between  86''  and  41 ""  B.  The  oil  of  the  North  Bal- 
timore field  reaches  the  latter  figure,  and  thus  has  an  apparent  advan- 
tage as  a  refining  oil  over  the  other  fields,  by  one  to  three  degrees,  B. 

The  initial  experiments  in  refining  the  new  found  oil  were  made 
in  Pittsburgh  and  Toledo.  The  results  seemed  fairly  favorable.  The 
quality  of  the  illuminating  oil  was  good,  though  not  perfect;  but  the 
percentage  was  reported  as  considerably  lower  than  that  of  Pennsyl- 
vania oils,  and  the  deodorization^of  the  product  was  not  complete.  Pres- 
ently the  work  of  refining  was  begun  at  Lima  and  Findlay,  in  each  case 
by  local  companies  organized  for  the  purpose.  No  large  outlays  were 
made.  A  little  later,  the  Standard  Oil  company,  which  had  already 
entered  the  new  field  in  its  usual  line  of  service  in  transporting  and 
storing  the  oil,  established  a  very  extensive  refinery  at  Lima.  Still 
later,  other  independent  refineries  were  built  at  Lima  and  also  at 
Bradner,  Wood  county.  The  refining  of  Trenton  limestone  bil  is  thus 
seen  to  be  going  forward  on  a  large  scale  at  the  points  named,  and  it 
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may  be  concluded  that  a  full  account  can  now  be  given  of  this  very  im- 
portant element  in  the  value  of  the  field.  Such,  however,  is  far  from 
being  the  case.  On  the  one  side,  is  the  Standard  Oil  Company  with  its 
vast  interests  in  the  oil  production  of  the  entire  country ;  on  the  other 
are  the  local  companies,  whose  interests  are  mainly  limited  to  the  par- 
ticular districts  in  which  they  are  working. 

The  testimony  given  by  these  parties  is  discordant.    The  Standard 
Oil  Company  declared,  a  few  months  ago,  through  its  representatives, 
that  in  planting  $2,000,000  in  the  field  (the  amount  must  be  very  much 
greater  at  the  present  time),  it  had  made  a  great  mistake.    It  farther 
declared  that  the  expensive  experimepts  conducted  by  it  in  seeking  to 
obtain  from  Lima  crude  an  illuminating  oil  that  will  fairly  compete  in 
open  market  with  Pennsylvania  oil  had  resulted  in  complete  failure, 
and  that  out  of  200,000  barrels  refined,  no  oil  that  could  be  successfully 
used  had  been  obtained.    The  company  further  averred  that  the  only 
use  that  it  had  been  able  to  find  for  the  oil  was  for  fuel.    This  testimony 
was  given  in  the  explanation  of  its  policy  in  reducing  the  price  of 
crude  oil  from  forty  cents  per  barrel,  with  which  it  set  out,  to  fifteen 
cents  per  barrel,  the  rate  that  now  prevails. 

On  the  other  hand,  the  local  refining  companies  assert  that  they  are 
obtaining  perfectly  satisfactory  results  in  refining  and  deodorizing 
Trenton  limestone  oil.  They  are  certainly  turning  out  considerable 
quantities  of  refined  oil  which  appears  to  have  no  difficulty  in  finding 
market  at  current  rates. 

In  the  hope  that  the  true  character  and  capabilities  of  the  oil  would 
be  made  known  through  the  practical  work  that  is  going  forward  on  so 
large  a  scale,  the  preparation  of  the  present  statement  has  been  deferred 
to  the  last  moment.  The  chemical  analysis  of  the  oil  has  in  like  man- 
ner been  deferred,  partly  from  the  belief  that  laboratory  results  must  be 
taken  with  considerable  allowance  as  indicative  of  what  can  be  obtained 
from  practical  operation  carried  on  in  the  large  way. 

But  as  already  shown,  the  testimony  derived  from  the  experience 
of  the  refining  companies  is  contradictory,  and  if  any  scientific  examina- 
tion of  the  lacts  has  been  carried  on  by  them,  its  results  certainly  have 
not  been  made  public. 

Under  these  circumstances  Professor  Lord,  Chemist  of  the  Survey, 
has  undertaken  at  the  last  hour,  a  partial  chemical  examination  of 
Trenton  limestone  oil,  and  the  results  obtained  by  him  show  at  once 
the  value  of  this  line  of  inquiry  and  the  need  of  a  good  deal  more  work 
in  the  same  field. 

The  method  of  inquiry  pursued  in  the  investigation  was  the  com- 
parative one.     Macksburg  oil,  the  qualities  of  which  are  fairly  well 
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known,  and  Lima  oil,  the  constitntion  and  composition  of  which  are  the 
problems  to  be  solved,  were  subjected  to  the  same  process.    Both  oils 
were  taken  from  fresh  stocks.    The  distillation  was  carried  on  in  glass 
retorts  and  was  arrested  before  cracking  of  the  oils  was  begun. 
The  results  are  as  follows : 


Macksbubo  Oil. 
Specific  gravity  of  enuU  oil  =  0.823  =  41''^. 


Kaptha  under  0.78  spec. 
Kerosene  between  0.78  a 


grav 16^ 

and  068. 88% 


Sulphur .,  0.025% 


Tbxnton  Limxstomx  Oil. 
Specific  gravity  of  crude  oil  =  0J8SISi  =  Bd^'B, 

Naptha  under  0:78  spec,  grav 16% 

Kerosene  between  0.78  and  0.88 88% 

Sulphur 0.668% 

Sulphur  in  crude  distillate  ...0.62% 
Sulphur  in  refined  distillate 

"  odorless  prime  oil"  ...0.86% 

In  a  second  specimen  of  refined  and  deodorized  oil,  the  sulphur  is  found  to 
be  022%. 

If  Bradford  oil  had  been  brought  into  the  comparison,  the  results 
would  have  been  more  unlike  than  those  that  are  here  recorded.  As  it 
is,  the  Trenton  limestone  oil  is  seen  to  fall  but  little  below  Macksburg 
oil  in  its  percentage  of  either  naptha  or  kerosene.  If  the  operation  had 
been  carried  to  the  cracking  point  of  the  oils,  it  is  probable  that  both 
would  have  gained  proportionately. 

The  all-important  difference  between  them  is  in  the  sulphur  that 
they  respectively  contain.  The  Trenton  limestone  oil  carries  more  than 
twenty  times  as  much  sulphur  as  the  Macksburg  oil.  The  tenacity  with 
which  the  sulphur  is  held,  is  shown  in  the  figures  of  the  two  lower 
columns.  Almost  the  entire  amount  comes  over  in  the  distillate,  and 
the  final  treatment  that  is  believed  by  the  refiner  to  remove  it  altogether, 
converting  the  distillate  into  '*  odorless,  prime  oil,"  is  found  by  analysis 
to  have  reduced  the  offensive  element  by  only  one-third  of  the  original 
amount.  These  figures  as  to  sulphur  are  derived  from  a  single  refineries 
it  is  true,  and  therefore  apply  only  to  the  processes  there  in  force, 
but  there  are  some  reasons  for  believing  that  other  of  the  attempts  at 
elimination  are  similarly  unsuccessful.  The  offensive  compound  is 
masked,  not  removed.  In  regard  to  the  figures  here  given.  Professor 
Lord  desires  it  to  be  understood,  that  while  they  stand  for  sulphur  that 
is  present  in  the  oils,  it  is  not  certain  that  they  show  all  the  sulphur 
that  is  present.  The  method  which  he  was  obliged  to  use  may  possibly 
leave  a  small  portion  of  this  element  behind. 

That  the  entire  removal  of  the  sulphur  can  be  effected  by  proper 
chemical  knowledge  and  skill  and  at  no  great  outlay  there  is  no  reason 
to  doubt. 

In  conclusion  the  following  statements  seem  warranted  in  regard  to 
Trenton  limestone  oil. 
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1.  This  oil|is*inferior  in  value  to  the  oil  of  the  Bradford  type  oq 
the  following  grounds :  (a)  it  yields  a  smaller  percentage  of  illumiEk- 
ating  oil.  (6)  it  suffers  a  larger  percentage  of  loss  in  refining  :  (r)  it 
contains  offensive  compounds  of  sulphur  which  must  be  removed  before 
the  oil  is  ready^for  market,  and  which  are  removed  with  some  difficulty 
and  expense. 

2.  The  Trenton  limestone  oil  appears  to  be  nearly  equal  in  value 
to  Macksburg  oil.  aside  from  its  sulphur  contents.  It  will  certainlj 
yield  forty-eight  per  cent,  of  naptha  and  kerosene  above  0.83,  and  bj 
^'cracking/'  its  production  can  probably  be  pushed  to  as  high  a  fif^nre  as 
is  reached  by  the  latter. 

3.  The  oil  can  be  practically  deodorized  at  comparatively  small 
expense.  It  is  at  least  brought  into  such  condition  4;hat  it  is  able  to 
enter  the  market  without  serious  disadvantage.  Complete  deodorization 
is  claimed  by  most  if  not  by  all  of  the  refineries,  but  this  claim  is  not 
generally  substantiated.    It  is  thus  lar  justified  in  but  very  few  cases. 

4.  The  best  of  the  illuminating  oil  manufactured  from  it  is  indis- 
tinguishable in  burning  from  the  best  oil  of  the  Pennsylvania  field,  so 
far  as  the  brightness,  clearness  and  duration  of  the  flame  are  concerned. 
It  neither  crusts  the  wick  nor  clouds  the  chimney  of  the  lamp  in  which 
it  is  burned. 

5.  The  lubricating  oils  and  the  other  accessory  products  of  refining 
are  of  excellent  quality. 

6.  The  present  price  ot  Lima  oil,  viz.,  15  cents  per  barrel,  forbids 
our  learning  in  a  practical  way  much  of  its  real  capabilities.  The  heart 
of  it  will  be  taken  by  the  refiners,  and  the  residue  will  be  sold  for  fuel 
so  long  as  this  rate  continues. 

7.  The  present  price  of  Lima  oil  is  no  measure  of  its  real  value,  in 
fact,  has  no  recognizable  relation  to  its  real  value  as  compared  with  the 
value  of  Pennsylvania  oil.  The  market  is  not  an  open  one,  but  it  is 
controlled  by  the  investments  made  in  the  business  of  producing  and 
refining  oil  elsewhere,  and  especially  by  the  great  stocks  of  eastern  oil. 

8.  There  is  one  use  of  Lima  crude  oil,  in  regard  to  the  success'of 
which  no  doubt  remains,  viz.,  its  use  as  fuel.  It  is  excellently  adapted 
to  the  convenient  and  economical  production  of  heat  for  very  many  pur- 
poses. It  has  been  applied  to  ordinary  stoves,  to  the  production  of 
steam  in  stationary  boilers  and  to  a  limited  extent  in  locomotives,  to 
the  heating  of  gas  retorts,  to  the  burning  of  lime,  to  puddling  and 
reheating  furnaces  and  to  various  other  uses.  The  problem  of  applying 
it  to  these  uses  has  been  satisfactorily  solved  by  the  invention  of  several 
burners  now  in  the  market,  but  it  is  quite  likely  that  improvements 
will  be  made  in  this  line. 
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In  the  accumulation  and  compilation  of  the  data  herewith  printed, 
many  persons  have  been  engaged.  The  most  extensive  list  of  eleva- 
tions published  prior  to  the  list  given  in  the  Secretary  of  State's  report 
for  1886,  was  that  of  Mr.  Henry  Gannett,  Chief  Geographer  of  the 
United  States  Geological  Survey.  In  1884,  this  author  published  in  a 
bulletin  of  the  Survey,  a  Dictionary  of  Altitudes,  covering  points  in 
all  the  states  and  territories*  The  list  of  elevations  in  Ohio,  furnished 
in  this  volume,  was  made  the  basis  of  the  table  published  in  the 
report  of  Hon.  James  S.  Robinson^  Secretary  of  State,  already  referred 
to.  A  considerable  amount  of  labor  in  the  compilation  of  additional 
data  was  performed  by  Hon.  Henry  Luskey,  formerly  Commissioner  of 
Labor  Statistics  of  Ohio,  but  at  this  time  employed  in  the  office  of  the 
Secretary  of  State,  and  the  list  of  elevations  was  considerably  increased 
thereby.  The  additional  data  were  furnished  by  various  individuals. 
Professor  C.  N.  Brown,  of  Ohio  State  University,  contributed  a  number 
of  figures  derived  from  railroad  surveys,  and  others  were  added  by 
Wyndham  C.  Jones,  Esq.,  Engineer  of  the  Valley  Railway,  Cleveland, 
and  still  others  were  furnished  from  the  records  of  the  State  Geological 
Survey.  Everything  available  in  the  records  of  the  Survey  was  turned 
over  to  this  use.  A  few  figures  were  taken  from  the  determinations  of 
the  Ohio  Meteorological  Bureau. 

This  list  has  in  turn  been  made  the  basis  of  the  present  collection 
of  data.  It  has  been  somewhat  expan'ded  by  the  incorporation  of  facts 
from  sundry  sources,  and  is  consequently  the  most  comprehensive  table 
yet  published  of  the  elevations  of  the  surface  of  this  State. 

For  no  list  of  this  character,  however,  can  great  accuracy  be  claimed 
until  a  careful  comparison  of  data  is  secured.  Such  a  comparison,  it 
has  not  been  found  possible  to  include  within  the  work  of  the  Survey^ 
Numerous  discrepancies  are  known  to  exist  in  the  figures  that  we  are 
obliged  to  use.  For  example,  the  figures  derived  from  the  Toledo  and 
Ohio  Central  Railway  are  found  to  be  8.8  feet  lower  at  the  crossing  of 
61         G. 
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the  Cincinnati,  Washington  and  Baltimore  Railroad,  near  Athens,  than 
the  levels  of  the  latter  road.  So,  also,  the  elevations  of  the  Cleyeland  aod 
Canton  Railroad  and  of  the  Valley  Railway  disagree  by  seven  feet  at  the 
crossing  of  these  two  roads,  the  levels  of  the  Valley  road  being  the 
higher.  There  are  several  such  instances  known,  bat,  as  before  stateii, 
it  has  not  been  found  possible  to  correct  the  figures  in  this  reprint. 

The  authorities  on  which  the  figures  of  the  tables  are  based  gn 
chiefly  railroad  surveys.  The  grade  of  the  road  at  the  station  named  i: 
supposed  to  be  represented  in  the  figures  given.  The  levels  credited  to 
the  Geological  Survey  are  mostly  barometric.  In  the  tables  the  rail- 
roads will  be  designated  by  abbreviations,  as  follows : 

Abbrewiation,  Name  of  Ruihoad. 

A.  A  P.  R.  R Ashtabula  and  Pittsburgh. 

B.  &  O.  R.  R Baltimore  and  Ohio. 

B.,  Z.  &  G.  R.  R Bellaire,  Zanesville  and  Cincinnati. 

C.  O.  R  R Central  Ohio  (B.  &  O.). 

C.  &  A.  R.  R Chicago  and  Atlantic. 

C,  St  L.  <Sc  P.  R.  R Chicago.  8t.  Loais  and  Pittsbargh. 

0„Q.&  P.  R.  R.. Cincinnati,  Georgetown  and  Portsmoiith. 

C,  H.  A  D.  R.  R Cincinnati,  Hamilton  and  Dayton. 

C,  H.  A  I.  R.  R. Cincinnati,  Hamilton  and  Indianapolis. 

C,  I.,  St.  L.  &  C.  R,  R Cincinnati,  Indianapolis,  St  Lonis  and  Chicagou 

C  &  M.  y.  R  R... Cincinnati  and  Maskingam  Valley. 

C.  N.  R  R Cincinnati  Northern. 

C,  W.  &  B.  R.  R Cincinnati,  Washington  and  Baltimore. 

C,  A.  &  C.  R.  R. Cleveland,  Akron  knd  ColnmbaSb 

C.  &  C.  R  R Cleveland  and  Canton. 

C.  &  M.  R.R Cleveland  and  Marietta. 

C.  &  P.  R.  R Cleveland  and  Pittsburgh. 

C.  &  W.  R.  R... Cleveland  and  Wheeling. 

C,  C,  C.  &  I.  R.  R. Cleveland,  Columbns,  Cincinnati  and  Indianapofia 

0.,  L.  &  W.  R.  R. Cleveland,  Lorain  and  Wheeling. 

D.  A  I.  R.  R Dayton  and  Ironton. 

D.  &  M.  RR Dayton  and  Michigan. 

L,  B.  A  W.  R  R.. Indianapolis,  Burlington  and  Western. 

L  £.  &  W.  R  R.. Lake  Erie  and  Western. 

L.  8.  &  M.  8.  R.  R Lake  Shore  and  Michigan  Southern. 

N.  Y.,  P.  &  O.  R  R New  York,  Pennsylvania  and  Ohio. 

O.  A  N.  W.  R.  R Ohio  and  Northwestern. 

P.,  C.  &  St  L.  R.  R Pittsburgh,  Cincinnati  and  St  Louis. 

P.,  Ft.  W.  A  C.  R.  R. Pittsburgh,  Fort  Wayne  and  Chicago. 

S.  V.  R.R.. Scioto  Valley. 

T.,  C.  A  S.  R  R.. Toledo,  Columbus  and  Southern. 

T.  A  O.  C.  R  R. Toledo  and  Ohio  Central. 

V.  R  R Valley. 

W.  <Sc  L.  £.  R.  R. Wheeling  and  Lake  Erie. 
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TABLE  GIVING  ELEVATIONS  ABOVE  SEA  LEVEL  IN  THE  COUNTIES 

OF  OHIO. 


(The  elevation  of  Lake  Erie  above  sea  level  is  counted  573  feet ) 


Stotion. 


Authority. 


Elevation. 


Adams  County. 


Bif ineral  Borinflrs » .,,,., .^t 

0.  &  N.  W  R  R 

767 

Newport • 

0.  &  N.  W.  R.  R 

660. 

Peebles 

().  &  N.  W.  R.  R 

820. 

Winchester ...••... 

0.  &  N.  W.  R.  R 

980. 

West  Union 

Ohio  Geological  Survey,  Whittlesey 

.LE2^  CotJNTY. 

L.  E.  &  W.  R  R 

988. 

Ai 
Beaver  Dam • ^ 

868. 

BInffton 

L.  E  &  W.  R.  R 

884. 

Cairo 

D.  &  M.  R.  R 

814. 

Delohoa 

P..  Ft.  W.  &  C.  R.  R 

786. 

Elida 

P..  Ft  W,  &  C.  R.  R. 

798. 

Harrodtf 

C.  &  A.  R.  R 

1012. 

Lafavette *. 

P..  Ft.  W  &  C.  R.  R 

936. 

Lima,  P..  Ft.  W.  &  C.  R'y 

P.,  Ft.  W.  AC.  R.  R 

D.  &  M.  R.  R 

874. 

Lima  D.  &  M.  R*v 

875. 

Li'UH.  L.  E  &  W.  R'y 

L.  E  &  W.  R  R 

885. 

Lima 

C   &  A.  R.  R 

908. 

Spencerville,  Lock  15 

Miami  &  Erie  Canal 

847. 

Soencerviile 

C.  &  A.  R.  R 

851. 

Summit  bet  Westminster  &  Harrods 

C.  &  A.  R  R 

1031 

Westminster 

C  &  A.  R.  R 

997. 

ASH] 

Ashland 

[.AND  COUNTT. 

N.  Y.,  p.  &  0.  R.  R 

1079. 

Loudonville 

P..  Ft,  W.  &  C.  R.R 

985. 

Nankin 

N.  Y.,  P.  &  0.  R  R 

1123. 

Perrvsville 

P  .  Ft  W.  &  C.  R  R 

1006 

Polk 

N.  Y,  P.  &  O.  R.  R. 

1241. 

A8HT 

Amboy.... 

ABULA  County. 
L  S.  &  M.  S  R  R. 

681. 

Andover 

L.  S.  &  M.  8.  R.  R.,  Franklin  Div... 
U.  S.  Lake  Survey 

1095. 

Andover,  Geodetic  Station 

1191. 

Ashtabula 

L.  S.  &  M.  S  R  R. 

648. 

Ashtabula 

688. 

Ashtabula,  Harbor 

A.  &  P.  R.  R 

580. 

Conneaut • 

L.  S.  A  M.  S.  R.  R 

652 

Dorset 

L.  S.  &  M.  S.  R  R 

1018 

Geneva • 

L.  S.  &  M  S.  R.  R 

668. 

Jefierson 

L.  S.  &  M.  S.  R.  R 

941. 

Kingsville 

L.  S.  &  M.  8.  R.  R 

672. 

Leon 

L  8.  &  M.  8  R.  R 

1114 

Munson  Hill 

866. 

New  Lyme 

A.  &P.  R.  R 

906 

Orwell 

A.  &P.  R.  R 

936. 

Plymouth , 

L.  8.  &  M.  8,  R.  R 

854. 

Richmond 

L.  8.  ft  M.  8.  R.  R 

1114. 
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Station. 


Authority. 


EleTatioB. 


Ashtabula  CouirTT--Concluded. 


Rome 

Saybrook... 

Simon's 

State  Line.. 


A.AP.  R  B 

L.  6.  &  M.  S.  R.  R.. 
L.fi.  &  M.  8.  R.  R., 
L.  S   &  M.  S.  R.  R.. 


Athens  County. 


Athens 

Athens 

Athens,  Hocking  CaDal 

Athens,  crossing  C,  W.  &  B.  R 

Bessemer 

Big  Run 

Buchtel 

CaDaanville 

ChauDcey 

Coolville 

Floodwood 

Glouster 

Guysville 

Hebbardsville 

King's 

Lee 

Lick  Run 

Marshfield 

Millfield 

Mineral  City... 

Neltsooville 

'Sew  England 

Salina 

Stewart,  f  miles  West  of 

Stewart,  1^  miles  East  of. 

Torch 

Trimble 


C,  H.  V.  AT  R  R 

Citv  Hall—Hibbard 

C.,'W.  &B  R.R 

T.  &O.C.R.R 

a,H,Y,  &T  R.  R 

C,  W.  &  B.  R.  R 

C,H  V  &T.  R.  R 

U.  S.  Coast  &  Geodetic  Survey., 

T.  &O.C.R.R 

C,  W.  AB.  R.  R 

C,  H.  V  &T.R  R.... 

T.  &O.C.R.R 

U.  S.  Coast  &  Geodetic  Survey  . 

T.  AO.C.R.R 

C.,W.  &B.  R.R 

T.  &O.C.RR 

0.,  H.V.&T  R.R 

C,  W.  &  B.  R  R 

T.  &  O  C  R.  R 

0.,  W.  &  B  R  R 

C.,H.V.  &T.  R  R 

C,  W.  &  B.  R  R 

C,  H  V.  &T.R.R 

U.  S  Coast  &  Geodetic  Survey., 
U.  S  Coa9t&  Geodetic  Survey.. 

C,  W.  &  B.  R.  R 

T.  &O.C.R.R 


Auglaize  County. 


Baker  Bridge,  on  Kossuth  pike. 

Bitler's 

Bowdle  Church 

Bridge  at  Kept's 

County  Line,  on  Sidney  pike 

County  Liue,  on  Hardin  pike 

Cridersville,  level  of  town 

Cridersville 

Five  Points 

Frybui'g 

Glynwood 

Kossuth,  level  of  town 

Kooxville 

New  Bremen 

New  Bremen 

New  Hampshire 

Rinehart's... 

Santa  Fe 

St.  John's,  at  Bitler  House 

St.  Mary's,  at  Diekcr  House 


Samuel 
« 

^;;*'8" 

(1 

tt 

tt 

tt 

u 

tt 

« 

(• 

(C 

(1 

D.  &M 

R.  R. 

Samuel  CrRiflr 1 

i« 

" ''..:.:;.;;::;:;;; :;;;;:; 

(( 

(( 

ti 

**  

(C 

«      :               1 

L  E  A  W.  R.  R 

Canal  level 

Samuel  Crftiir 

u 

K 

« 

(C 

(( 

l( 

884. 

651. 

1057. 

652. 


655. 

714. 

658. 

646. 

681. 

656. 

687. 

624.82 

659. 

630. 

670. 

681. 

622.463 

672. 

612. 

742. 

687. 

826. 

663. 

726. 

681. 

808. 

659. 

616  994 

615  921 

723. 

672, 


840. 

1084. 
1031. 

908. 
100& 

952, 

888. 

887. 
1030. 

&80. 

859. 

838. 

902. 
1038. 

960. 
1028 

989. 
1004. 
1003. 

875. 
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Station. 


Aathority. 


Elevation. 


Auglaize  County— Concluded. 


St.  Mary's,  Lock  18 

Uniopolis 

Wapakoneta 

Wapakoneta,  Court  House  door.... 

Waynesfield 

West  Prairie ^ 


Miami  &  Erie  Canal.. 

Samuel  Craig 

D.  &  M.  R  R 

Samuel  Craig 


Belmont  County. 


Ambler 

Armstrong's  Mills  \ 

Barnesville .'.... 

Barton 

Bellaire 

Belmont ^ 

Bethel 

Bridgeport 

Bruce 

BurtonV 

Burrs's  MilK. 

Captina 

Children's  Home 

Orah  Apple 

Fairpoint 

Flushing 

Franklin 

Qlencoe 

Holloway 

Irwin. 

Jacobsburg 

Laflferty 

L«wis'  Mills 

Harbletown 

Martin's  Feiry 

Neff's  Siding 

PaKCo 

Q'lincy 

Warnock 

Wegee 

West  Wheeling 

West  Wheeling,  low  water  in  Ohio 

river 

West  Wheeling 

St.  ClairsviHe 


B.,  Z.  &C.  R.R 

B.,  Z.  &  C  R.  R 

CO  (H.  &0.)R.R.... 

C,L.  &W.  R.R 

C.  &  P.  R  R 

C.  O.  (B.  &0.)R.R.... 

B.,  Z.  &  C.  R.  R. 

C.  &P  R  R 

C,  L.  &  W.  R.  R 

C.  O.  (B.  &  O.)  R  R.... 
C.  O.  (B  &0.)R  R..., 

B.,  Z  &C.  R.  R 

C.  O.  (B  &0.)R.R.... 

B ,  Z.  &  C.  R.  R 

C,  L.  &  W.  R  R 

C,  L.  &  W.  R  R 

CO.  (B.  &0)  R.  R.. 
CO.  (B.  &0)  R.  R. 

C,  L.  &  W.  R  R 

B.,  Z.  &  0.  R.  R 

B,Z.  A  C  R  R 

C,L.  &W.  R.  R 

C  O.  (B  &  O.)  R.  R.. 
C  O.  (B.  &  O.)  R.  R.. 

C  &  P.  R.  R 

CO.  (B   &0)  R.  R.. 

C,  L.  &W.  R  R 

C  O.  (B.  &  O )  R  R  . 
C  O.  (B.  &  O  )  R.  R.. 

B.  Z.  &  C  R.  R 

C,  L.  &  W.  R.  R 


C.,L  &  W.  R.R. 

C  &  P.  R  R 

Kinney 


Brown  County. 


Aberdeen.  Main  and  Cross  streets... 
County  line  between   Brown    and 

Clermont  counties 

Georgetown 

Georgetown 

Hamersville,  water  tank « 

Ohio  Pike  Crossing,  East  of  Ham- 

ersville 

Mt.Oreb 

Sardinia i 


OhioGeological  Survey,  Whittlesey 


C  ,  G.  &  P  R.  R.... 

C.,G  AP.  R.R 

Col.  &  Mays.  R  R . 
C,  G.  &  P.  R.  R ... 


C,  G.  &P.  R  R.. 
O.  <&  N.  W.  R  R.. 
O.  &  N.  W.  R.  R., 


864.25 

933. 

891. 

892. 
1059. 
1022. 


670. 

794. 
1234. 

796. 

655. 
1156. 
1255. 

559. 

989. 
1268. 
1226. 

778. 
1274. 

952. 

913. 
1118. 

783. 

833. 

911. 

932. 
1330. 
1027. 
1035. 

919. 

659. 

727. 

731. 

722. 

943. 

645. 

648. 

618. 

659. 

1170. 


545. 

937. 
942. 
945. 
976. 

977. 
923. 
963. 
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Station. 


Authority. 


EleTation. 


Bbown  Couwty— Concluded. 


South  Fiocantle 

White  Oak  Viaduct 

White  Oak  Creek,  bed  of.. 


O  A  N.  W.  R.  R.. 
C,  G.  A  P.  R.  R... 
C,  G.  A  P.  R.  R .. 


BuTLKB  County. 


Carlisle 

College  Corner. 

Gano 

Hamilton 

Hamilton,  Baain 

Hamilton,  low  water  in  Miami  river.. 

Henderson 

Jacksonburgh 

Jones  Station. 

Kyle*- 

Maud's 

Hiddletown i 

Middletown,  Canal  level 

Oxford 

Oxford,  biii^hest  ground  in 

Smiley's  Hill 

Somerville 

Oxford  township.  North-East  cornei 
Westchester 


C,H.  A  D  R.  R 

C,H  AI  R.  R 

C,  C,  C  A  I.  R.  R 

C,H  AD.  R.  R 

Uliaini  Caual 

Ohio  Oeoloflrical  Survey — Orton. 

C,  C.  C.  &  I.  R.  R 

Ohio  Geological  Survey — Orton. 

C.,H.  ADR  R 

C,  C,  0.  AI.  R  R 

C,  C.  C.  A  1.  R  R 

C,C.,  C.  AI.  R.  R ; 

Ohio  Geological  Survey — Orton. 

C,  H.  AI.  R.R 

Ohio  Geological  Survey — Orton. 
Ohio  (Teological  Survey — Orton.. 
Ohio  Geological  Survey — Orton. 
Ohio  Geological  Survey — Orton. 
C,  C,  C.  AI.  R.  R 


Carroll  County. 


Carrolton 

Dell  Roy 

Malvern 

Oneida  Millsii 

Sherrodsville 

Summit  between  Oneida  and  Car 
rollton 


C.  A  C.  R.  R... 
C.  A  0.  R.  R... 
C.  A  P.  R.  R... 
C.  A  P.  U.  R 
C.  A  C.  R.  R... 


C.  A  C.  R.  R  . 


Champaign  County. 


Catawba 

Kennard 

Kingston 

Mechanicsburg , 

Mechanicsburg,  summit  near 

Mingo 

North  Lewisburg 

St.  Paris 

Taylorstown 

Urbana 

Urbana,  P.,  C.  A  St.  L.  crosfeing-. 
Urbana 


C.C,  C.AI.  R.  R 

N.Y.,P.  AO  R  R 

N.  Y.,  P.  A  O  R.  R 

C,  C,  C.  A  I.  R.  R 

Ohio  Geological  Survey,  Wnitllesey 

N.Y,P.  AO.R  R 

N  Y..  P.  A  O.  R  R 

P..  0.  A  St.  L.  R  R 

N.  Y,  P.  A  O.  R.  R 

N.  Y.,  P.  A  O.  R  R 

N.  Y..  P  A  O.  R.  R 

I,  B.  A  W.  RR 


Clarke  County. 


Bowlusville . 

Enon 

HenncKsy's. . 
Moore£eld.... 
Selma 


NY.,  P  AO.R.R... 
P.,  C.  A  St.  L.  R  R  .. 
P.,  C.  A  St.  L.  R  R.. 
C,  C ,  C.  A  1.  R.  R... 
P.,  C.  A  St.  L.  R.  R... 


lORl. 

871. 
768, 


696. 
990. 
661. 
597- 
610. 
563. 
656. 
975. 
672. 
718. 
769. 
667. 
643. 
918. 
964. 
995. 
766. 
10.SS, 
745. 


1142. 

929. 

999. 
1016. 

914. 

1158. 


1065. 
1174. 
1097. 
ia58. 
1118. 
12(6. 
1082. 
1238. 
1091. 
1027. 
1030. 
1031. 


966. 
1024. 
1031. 
1021. 
1088. 
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Station. 


Authority. 


Elevation. 


Olabke  Countt— Cbncluded. 


Snyder's.. 

South  Charleston 

Springfield^ 

Springfield,  Union  depot.. 


N.  Y,P.  &O.R.R 

P.,  0.  &  St.  L.  R  R 

N.  Y.,  P.  &  O.  R.  R 

P.,  a  &  St,  L.  R.  R 


Cl^RMONT  COUNTF. 


Aurelia.^ • 

Batayia 

Bantam 

Bethel 

Bethel,  Station 

Branch  Hill 

CentervilW 

Cohoon 

Dry  Rnn,  trestle  over  on  New  Rich 

mond  branch 

Dry  Run,  bed  ot 

Glen  Este 

Kyle's. 

LfOveland 

Loveland,  crossing  P.  ,G.  k  Si.  L.  R.B 

Miamiville.. 

Milford 

Mt.  Carmel 

New  Richmond  branch  of  O.  &  E. 
R.  R.  at  crossing.. 

Olive  Branch 

Poplar  Creek,  bed  of 

Poplar  Creek,  East  end  of  trestle 
over 

Salt  Run,  bed  of 

Salt  Run,  trestle  No.  22,  over 

Sugar  Tree  Run,  bed  of. 

Sugar  Tree  Run,  trestle  over 

Ulrey's  Run,  trestle  over  East  end  of 

Williamsburg 

Withamsville,  summit  near 


C  ,  G.  &  P.  R  R 

O.  &  N.  W.  R.  R 

Ohio  Geological  Survey— Orton.. 
Ohio  Geological  Survey — Orton.. 

C  ,  G.  &  P.  R.  R 

P.,  C.  &St  L  R.R 

0,G.  &  P.  R  R 

O.  &  N  W.  R  R 


Cin.  &  E.  R.  R. 

Cin.  &E  R  R 

C,  G.  SlT.  R.R , 

C.  G.  &  P.  R.  R 

U.  S.  CoaHt  and  Geodetic  Survey.. 

C,  W.  &  B  R.  R 

P.,  C.  &  St.  L.  R.  R 

P.,  C.  A  St.  L.  R.  R 

C.,G.  &  P.  R.  R 


C,  G.  &  E.  R.  R 

C.,G.  AP.  R.R 

C,  G.  &  P.  R.  R 

C,G.  &  P  R.R 

C,G   &  P.  R.R 

C,  G  A  P.  R.R 

C  ,  G.  A  P.  R.  R 

0,G.  A  P.  R.R 

C,G.  A  P.  R.R 

O.  AN.  W.  R.  R 

Ohio  Geological  Survey — Ortdn.. 


Clintok  County. 


Anderson's  Fork . 

Blanchester 

Ciarksville 

Clinton  Valley^.. 
Clinton  Valley..,. 
Cowan's  Creek .... 

Cuba 

East  Fork.. 

Lytle's  Creek 

Mariow's 

Martinsville  ^ 

Martinsville 

Melviu 

Beeaeville 

Sabina 

Sabina 


C.AC  M.  R.R. 

C,  W.  A  B.  R.  R 

C.  A  M.  V.  R.  R 

U.  S.  Coast  and  Geodetic  Survey.. 

C.  A  C.  M.  R.  R 

ACM  R.R.. 

AC.  M  R  R 

R.R. 

R  R 


C 

C 

C.  A  C.  M. 

C.  A  C.  M. 

C.AC  M  R.R 

C.  W.  A  B.  R.  R 

U.  S  Coast  and  Geodetic  Survey. 

C.  A  C.  M.  R.  R 

C.  A  M.  V.  R.  R 

C.  A  M.  V  R.  R 

C.  A  C.  M.  R.  R 


900. 

1126. 

908. 

991. 


886. 
585. 
905. 
980. 
905. 
590. 
870. 
565. 

877. 

886. 

876. 

860. 

582.352 

594. 

580. 

552. 

897. 

834. 
832. 


876. 
717. 
855. 
844. 
869. 
870. 
823. 
936. 


1055. 

977. 

838. 

990.553 
1000. 

978. 
1047. 

967. 
1000. 
1059. 
1043. 
1057.125 
1070. 
1086. 
1066. 
1051. 
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Station. 


Authority. 


Elev-Atioz 


Sligo 

Summit    between    BeeseviUe    and 

Melvin 

Todd's  Fork ^ 

Vieoua 

Vienna,  summit  near 

Wilmington 

Wilmington... 


Clinton  CouKTr—ConcIuded. 
C.  &  M.  V.  B.  K 


C.  &  C.  M.  B  B.^ ^ 

C.  &  0.  M.  B.  B - 

C,  W.  AB.  R  B 

Ohio  Geological  Survey — Orton. 

C.  &  M.  V.  K.  B 

C.  &  C.  M.  B.  B 


Columbiana  County. 


Bajard ^ 

Columbiana 

East  Liy^rpool 

East  Palestine 

East  Bochester 

Franklin 

Homeworth 

Kensington » 

Leetonia 

Mahoning  Summit 

Moultrie...... 

New  Lisbon , 

New  Waterford 

Bobbins'  Station... 

Bound  Knob 

Salem .•. 

Salem,  highest  ground  in  corporation 

Salem 

Sandy  Summit 

Salineville.^ 

Teegarden 

Wellsville 

Yellow  Creek  Summit 

Yellow  Creek  Hills 


«••••••.«..»•  .••»< 


C.  &  P.  B.  B.. 

P.,  Ft.  W.  &  C.  B. 

C.  A  P.  B.  B 

P.,  Ft.  W.  &  C.  B.  B„ 

C.  k  P.  B.  B 

N.  Y,  P.&O.  B.B... 
C.  AP.  B  B 


C.  &P.  B.B 

P.,  Ft.  W.  &  C.  B.  R.. 


Ohio  Geological  Survey,  Newberry 

N.  Y.,"p  &  o^B 'b.*.'!!!!"!!!!Z!!!'.!! 

p.,  Ft.  W.  &  C.  R.  B 

N.  Y.,  p.  &  O.  B.  B 

Ohio  Geological  Survey,  Newbe/ry 

P,,  Ft.  W.AC.  R  B 

J.  B.  Strawn  

Ohio  Geological  Survey,  Newberry 
Ohio  Geological  Survey,  Newberry 

0.  &P  B  B 

N.  Y.,  P    &  O  B.  B 

C  &P.  B.  B 


Ohio  Geological  Survey,  Newberry 
^Ohio  Geological  Survey,  Newberry 


Coshocton  Countt. 


Avondale 

Conesville 

Coshocton 

Oxford 

Bock  Bun 

Boscoe 

Rowville  Cut .... 
West  Lafayette.. 


C.  &  C  B.  B 

P.,  C  St  St.  L.  B.  B.. 
P.,  C.  &St.L.  B.B.. 
P.,  C.  &  St.  L.  B.  B.. 
P.,  C  &St.L.  B.B.. 

Ohio  canal 

C.  &C.  B.  B 

P.,  C.  A  St.  LB.  R. 


Crawford  County. 


Broken  Sword  Creek 

Bucyrus... 

Bucyrus,  crossing P.,Ft. W. &C.B  R 

Crestline 

Crestline,  summit  near 

Gallon 

Leesville » 

Lemert : 


P,  Ft.  W.  &C.  R.R... 
P ,  Fr.  W.  &  C.  R.  R_. 

T.  &0.  C.  R.  R 

P.,  Ft.  W.  A  C.  R.  R .. 

C,  C,  C.  A  L  R  R 

N.  Y.,  P.  AO.  R.  R.. . 
P.,  Ft.  W  A  C.  R  R  ,. 
T.  AO.  C.R.  R- 


901. 

1125. 
1042. 
1130. 
116dL 
1017. 
103& 


1076. 
lll-iL 

693. 
1014L 
1082. 
1079L 
1150. 
llSOu 
1017. 
1200. 
1103L 

958. 
1076L 

982. 
1417. 
1173w 
1334. 
1193. 
1185k 

879. 
104a 

68& 
1116w 
1256w 


785. 
738. 
771. 
793. 
758. 
754.52 
1067. 
800. 


916. 

930. 
1001. 
1162. 
1177. 
1169. 
1135^ 

975i. 
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StatioD. 


Authority. 


ElevatioD. 


Crawford  County — Concluded. 

New  Wiuchesler I  T.  &  0,C.  R.R 

Robinson 1  P.,  Ft.  W  &C.  R.R... 

CuYAHooA  County. 


Bedford 

Berea 

Brecksville 

Cleveland .. 

Cleveland,  Euclid  Ave 

Cleveland,  Signal  Station 

Cleveland,  Newburgb 

Cleveland,  Newburgb 

Euclid 

Independence 

Independence,  Lock  13 

Olmstead 

Olmstead  FallH 

Olmstead  Falls,  Geodetic  Station.. 

Randall 

Rockport 

Rock  port.  Geodetic  Station 

Royalton 

Solon 

Warrensville,  Geodetic  Station  ... 


C.  &  P.  R.  R 

C,  C,  C.  &  I.  R.  R... 

Valley  R.  R 

Union  Depot 

L.  S.  &  M.  S.  R.  R .  . 

U.  S.  Signal  Office 

CAP.  R.R 

N.  Y.,  P.  A  O.  R.  R.. 

L  S.  AM.  S.R  R 

Valley  R.  R 

Obio  Canal 

C,  C,  C.  A  r.  R.  R... 

L.  S  A  M.  S.  R  R 

U.  S.  Lake  Survey  ... 
N.  Y.,  P.  A  O.  R.  R.. 
L  S.  A  M.  S.  R.  R.  .. 
U.  S.  Lake  Survey  ... 
U.  8  Lake  Survey. .. 
N  Y.,  P.  A  O.  R.  R... 
U.  S.  Lake  Survey  ... 


Darke  County. 


Ansonia 

Arcanum  .... 

Bruss 

Clark's  

Dawn 

Green  villQ.... 
Hollansburg . 

Itbica 

Union  City .. 

Versailles 

Weaver's ..... 


C,  C,  C.  A  L  R.  R... 

L,  B.  A  W.  R.  R 

I.,  B.  A  W.  R  R 

L,  B.  A  W.  R.  R 

C ,  C,  C.  A  I.  R.  R... 
P.,  C.  A  St.  L.  R.  R.. 

I.,  B.  A  W.  R.  R 

Lindemuth 

C,  C,  C.  A  L  R.  R... 
C,  C,  C.  A  L  R  R... 
P.,  C.  ASt.L.R.R... 


Defiance  County. 


Defiance 

Defiance 

Defiance,  Maumee  river.. 

Defiance 

Fort  Defiance 

Hicksville 

Mark  Center 

Prairie  Run 

Standley 

White's  Mill 


B  AO.R.R 

W.,  St.  L.  A  P.  R.  R 

W.,  St  L,  A  P.  R.  R 

Miami  and  Erie  Canal.... 
Canal  level— Whittlesey  . 

B.  AO.  R.  R 

B  A  O.  R.  R 

D.  A  M.  R.  R 

D.  A  M.  R.  R 

D.  A  M.  R.  R. 


Delaware  County. 


Ashley . 
Berlin... 
Condit . 


C,  C,  C.  A  1.  R.  R.. 
C,  C,  a  A  I.  R.  R.. 
0.,  A.  &C.R.R 


1022. 
1073. 


941. 

793. 

683. 

583. 

627. 

690. 

797. 

813. 

627. 

603. 

661.4 

782. 

770. 

794. 
1046. 

884. 

781. 
1272. 
1041. 
1214. 


1006. 
1054. 
1092. 
1080. 
1018. 
1056. 
1160. 

989. 
1106. 

977. 

977. 


712. 
698. 
648. 
667. 
671. 
762. 
731. 
700. 
781. 
717. 


985. 

954. 

1086. 
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Station. 


Authoritj. 


ElevatiGi. 


Delaware 

Delaware , 

Eden 

Galena 

Hyatt's 

Lewis  Center  , 

Oatrander 

Peer)ei>s 

Powell 

Badpor 

Sumirit 

Sunbury 


Delawabe  County— Concluded. 


0.,C.,C  &LR  R... 
0.,H.  V.&T.  R  R.. 
a,  C.,C.  &I.  R.R... 

C,  A.  &C.R.R 

C..H.  V.  &T.R.  R., 
C,  0..  C  &  I.  R.  R... 
C,  C.  C.  A  I.  R  R... 

T.  &  O  C.  R  R 

a,H.V.  &T.R  R... 
C,  H.  V.  &  T  R.  R.. 
C,  H.  V.  &  T.  R.  R.. 
C,  A.  &  C.  R.  R 


Erie  County. 


Ceylon , 

Huron 

Kelle.'^'fl  Island,  Geodetic  Station... 

Prout's 

Sandusky,  city  base 

Sandusky,  L.  8.  &  M.  S.  R  R.  Station 
Sandusky,  I.,  B.  &  W  R.  R.  Station 
Sandusky,  B.  &  O.  R.  R.  Station  .... 

Sandusky,  Geodetic  Station 

Sandusky,  Signal  Station 

Venice .• 

Vermillion 


L  SAM.  S.  R.  R.. 
L  S.  &M.S.  R.  R... 
U.  S.  Lake  Survey.. 

B.&O.R  R 

Citv  Engineer 

h.  S  A  M.  S  R  R 

L,  B.  A  W.  R.  R 

B.  A  O.  R.  R 

U.  S.  LakeSurvev.., 
U.  S.  Sijrnsl  Office... 
L.  S.  A  M.  S.  R.  R  . 
L.S.  AM.S  R.R... 


903. 
927. 
975. 
923. 
933. 
960. 
934. 
1179. 
918. 
953. 
972. 
970. 


609. 
59S. 
614. 
708. 
587. 
593. 
598. 
G09. 
632. 
639. 
585. 
596. 


Faibfield  County. 


Amanda 

Bremen 

Bremen 

Carroll ... 

Hadley  Junction 

Hooker 

Lancaster 

Lancaster,  summit  of  Ohio  canal. 

Lancaster,  Court  House 

Lockville 

Millerspc»rt 

Pleasantville 

Rushville 

Sugar  Grove 


B.,  Z.  AC.  R.  R 

C.AM  V.  R.  R 

T.AO  C.R.  R 

a,  H.  V  AT.  R  R. 

T.  AO.  C.  R.  R 

C,  H  V.  A  T.  R.  R.. 
C,H.V.  AT.  R.R. 
C,  H.  V.  A  T.  R.  R... 
C,  H.  V.AT.R.R.. 
C,  H.  V  A  T  R.  R.. 

T.AO.  C.R.  R 

T.  A  O.  C  R.  R 

T.  A  O  C  R.  R 

C,  H.  V.  &T.  R.R. 


Fayette  County. 


Bloomingburg , 

Compton's  Creek 

Jasper  Mills 

Madison 

Paint  Creek 

Paint  Creek,  East  Fork.... 
Paint  Creek,  North  Fork.. 

Rattlesnake  (rail) 

Sugar  Creek 

Washington  C.  H 


C.  A  C.  M.  R.  R... 
C.  A  C.  M.  R.  R..... 
C.  A  C.  M.  R.  R.... 
C.  A  C.  M.  R.  R.... 
C.  A  C.  M.  R.  R.... 
C  A  C.  M.  R.  R.... 
C.  AC.  M.  R.R,... 
C.  A  C.  M.  R.  R.... 
C.  A  C.  M.  R  R.... 
C.  A  M.  V.  R.  R  .. 


946. 
831. 
789. 
835. 
883. 
835. 
854. 
831. 
898. 
795. 
906. 
904. 
859. 
769. 


988. 

934. 
1008. 

980. 

960. 

967. 

905. 
1026. 

994. 

983. 
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Station. 


Authority. 


Fayette  County— Concluded. 


WashiDgton  C.  H , 

Court  House 

Washington 

White  Oak 


bottom  step  of 


City  Engineer — Kennedy., 

C.  &  C.  M.  R.  R 

C.  &  C.  M.  R.  R 


Elevation. 


989. 
973. 
925. 


Franklin  County. 


Alton 

Brigg*» 

CalJwell 

Columbuf,  Union  Depot. 

Columbu}!,  N.  E.  cor.  of  Siate  Hou^e 
Columbus,  8cioto  Val.  R'y  crosdng 

Columbus,  Srarch  Factory 

Columbus,  Signal  Office 

ColumbuH,  Ohio  State  University.. 

Edwards  Station 

Elm  wood 

Grove  City 

Groveport 

Lock  bourne • 

Morgan's , 

Olentangy 

Pleasant  Corners 

Reese's 

Scioto  River 

SullivantV 

Westerville 

Winchester 

Worthi'-gton 


P.,  C.  &St.  L  R.  R 

C.  &C.  M  R.  R 

Scioto  Valley  R.  R 

C.  H.  V.  &  T.  R.  R , 

C,  H.  V.  &T.  R.  R 

C,H.  V.  &T.  R  R 

C,  H.  V.  &T.  R.  R 

U.  S  Signal  Office , 

Ohio  Geoloeical  Survey — Orton. 

C,  H.  V  &T.  R.  R , 

C,  H.  V.  &  T.  R.  R 

C.  &C.  M.  R.  R  

C.,H.  V.  &T.  R.  R 

Scioto  Valley  R.  R 

C.  «&  C  M.  R  R 

C.H.V.  &T.  R.R 

C.  &C.  M.  R  R 

Scioto  Vallev  R.  R 

C.  A  C.  M.  R.  R 

P.,  C.&St.  L.  R  R 

C,  A.  AC.  R.  R 

C,  H.  V.  &  T.  R.  R 

C,  C.  C.  A  L  R.  R 


028. 
774. 
811. 
748. 
781. 
763. 
738. 
805. 
768, 
755. 
844. 
9«0. 
738. 
720. 
835. 
822. 
993. 
735. 
735. 
834. 
875. 
769. 
918. 


Fulton  County, 


Archbald 

Delta 

Peltisville 

Swanton 

Wauseon 

Wauseon,  tummit.. 


L.  R,  A  M.  S.  R.  R., 
L.  S  A  M.  S.  R.  R... 
L.  S.  AM.S.  R.  R... 
L  S.  A  M  S.  R  R.., 
L.  S.  AM  8.  R.  R... 
L.  S.  A  M.  8.  R.  R.. 


780. 
819. 
753. 
684. 
768. 
780. 


Gallia  County. 


Addison 

Cheshire 

Evergreen 

Ewington 

Gallipolis 

Kerr's , 

Mill's 

Niles 

Point  Pleasant . 

Porter 

Vinton 


C.H.V.  AT.  R.R... 
:C.,  H.  V.  A  T.  R.  R. 
C,  H.  V.  A  T.  R.  R.. 
C,  H.  V.  A  T.  R.  R... 
C,  H.  V  A  T.  R.  R... 
C ,  H.  V.  A  T.  R.  R... 
C,  H.  V.  A  T,  R.  R.. 
C  ,  H  V.  AT.  R.  R.. 
C  ,  H.  V.  A  T.  R.  R.., 
C,  H.  V.  A  T.  R  R... 
C,  H.  V.  A  T.  R.  R.., 


570. 
568. 
690. 
677. 
661. 
591. 
564. 
696. 
570. 
698. 
606. 
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Station. 


Authority. 


£levatIofi. 


Qeauga  Cousty. 

Chester,  Geodetic  Station 1  U.  8.  Lake  Survey 

Claridon,  Geodetic  Station I  U.S.  LakeSurvey 

Summit,  Cuyahoga  &  Chagrin  riverH  |  Ohio  Geological  Survey,  Whittlesey 

Gbeenb  County. 


1292, 
136G. 
1202. 


Beaver 

Berry's  Hill 

Cedarville 

Claysville 

Goe's 

Harbine's 

Jamestown 

Kneisley 

Monroe,  summit., 

Oldtown 

Osborn 

Pearce's < 

Spring  Valley...., 

Xenia 

Yellow  Spring?.... 


P.,  C.  &  St.  L.  R  R 

Ohio  Geological  Survey — Orton.. 

P.,C.  &St.L.  R.R 

P.,  C.  A  St.  L.  R.  R 

P.,  C.  &  Si.  L.  R.  R 

P.,  C.  &  St.  L.  R.  R 

D.  &LR  R 

C,  C.  C.  &  1.  R.  R 

D.  &I  R.  R 

Ohio  Geological  Survey — Orton.. 

C,C,C.  &L  R.  R 

P.O.  &  St.  L.  R  R 

P.,  C  A  St.  L.  R.  R 

P.,  C.  &St  L.R.R 

P.,  C.  <&  St.  L.  R.  R , 


Guernsey  Coukty. 


Bailey's  Mills 

Byesville, 

Cambridge 

Campbeirs 

Cassel's 

Gibson's 

Guernsey 

Guernsey*  Coal  Works.. 

Kimbolton 

Miller's 

Morgan  Junction 

Nicholson 

Nor r is  Coal  Works 

Oldham's 

Point  Pleasant 

Quaker  City 

St.  Clair  Road  Crossing.. 
Spencer's 


C.  O.  (B.  &  O.)  R.R.. 

C.  &  M.  R.  R 

C  &  M.  R.  R. 

C.  O.  (B.  &0.)B.  R. 
C.  O.  (B.  AO.)R.R.. 
CO.  (B.  AO.)R.  R.. 

C.  &M.R.  R 

O.  O.  (B.  &0.)R.R.. 

C.  &M.R.R 

C.  &M.  R.R 

C  O.  (B  &0)R.  R.. 

C.  &M.R.R 

C.  O.  (B.  &  O.)  R.  R- 

C.  &M.R.R 

C  &M.  R.R 

C.  O.  (B.  &  O.)  R.  R.. 
CO  (B.  &0.)R.R.: 
CO.  (B.  &0.)R.R.. 


Hamilton  County. 


Ballon 

Batavia  Junction.. 

Blue  Ash 

Brachman's 

California 

Camp  Dennison  .., 

Carthaee 

Cedar  Point 

Cherry  Grove 

Chester  Park 

Cincinnati 


C  N.  R  R 

P.,  C.  &  St.  L.  R  R 

CN.  R.  R 

C,G.  &P.  R.R 

C,G.  &P  R.R 

P.,  C  A  S'.  L.  R.  R 

C ,  C,  C  &  I.  R.  R 

C,  G.  &P.  R.R 

C,G  &P.R.R 

C,  C,  C  &  L  R.  R 

Low  water  city  datum.. 


808. 

992. 
1U35. 

756. 

8G3. 

806. 
107L 

802. 
1068. 

830. 
1029. 
758. 
928. 
978. 


922. 
809. 
803. 
805. 
806. 
833. 
785. 
803. 
790. 
783. 
824. 
795. 
807. 
800. 
805. 
874. 
853. 
882. 


491. 
859. 
713. 
540. 
570. 
561. 
726. 
847. 
508. 
440. 
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Station. 


Authority. 


Elevation. 


Hamilton  County — Concluded. 


Cincinnati,  C,  N.  O.  &  T.  P.  R.  R. 

depot 

Cincinnati,  C.  N.  R.  R.  depot 

Cincinnati,  Signal  Station 

Cleves 

Columbia 

Cumminsville 

Delhi 

Delta 

Forestville 

Fruit  Hill 

Glendale 

Hazewood 

Idlewild , 

Kennedy 

Linwood 

Mt.  Wabhington ^ 

Newtown 

New  Richmond  Junction 

North  Bend 

Norwood 

Plainville 

Pendleton 

Pleasant  Ridge 

Red  Bank 

Remington,   west  of   C.   W.  &  B 

Station 

Sharoi^. 

Silverton 

Sycamore  Creek,  west  of  Remington. 

Terrace  Park 

Undercliff 

Valley  Junction 


C,  N.  O.  &  T.  P.  R.  R 

C.  N.  R.  R 

U.  S.  Signal  Office , 

C  ,  I.,  St.  L  &  C.  R.  R 

C,  G.  &P.  R.R 

U.  S.  CoaHt  and  (Geodetic  Survey., 

C,  I.,St  L.  AC.  R.R 

P.,  C.  &  St.  L.  R.  R 

C,G.  &P.  R.R 

C,G  &P.R.R 

C,  H.  &D.  R.  R 

C.N.  R.  R 

CNR  R 

C.N.  R.R 

P.,  C.  &  St.  L.  R.  R 

C,  G.  &  P.  R.  R 

P,C.  &Sn.  L.  R.  R 

O.  AN.  W.  R.  R ; 

C,  I.,St.  L.  AC.  R  R 

CNR  R 

P,CASt.L.  R  R 

P.,  C  ASt.L.  R  R 

CN.  R.  R 

P.,  C  A  St.  L.  R.  R 


U.  S.  Coast  and  Gk'odetic  Survey.. 

C,C,  CALR.  R 

CN.  R.R 

U.  S.  Coast  and  Geodetic  Survey., 

P.,  C  A  St.  L.  R.  R 

P..C  ASt  L.R  R 

C,  I.,  St  L.  A  C  R  R 


Hancock  County. 


Arcadia 

Arlington 

Findlay 

Godsend,  water  tank  . 

Rawson 

Stuartsville 

Van  Buren 


L.  E  A  W.  R.  R., 

T.  A  S.  R.  R 

L.  E.  A  W.  R.  R.. 

B.  A  O  R  R 

L.  E.  AW  R.  R  . 

T.  AS.  R.R 

T.  AS.  R.  R 


608. 

646. 

620. 

497. 

503. 

606.861 

602. 

604. 

834. 

819. 

640. 

842. 

700. 

743. 

603. 

766. 

494. 

f)80. 

497. 

626. 

492. 

619. 

658. 

601. 

691.322 

601. 

826. 

691  322 

666. 

495. 

499. 


806. 
862. 
782. 
760. 
821. 
816. 
782. 


Hakdin  County 


Ada 

Blanchard's  Fork 

Dunkirk 

Forest 

Hog  C  reek  Marsh 

Kenton 

Mt.  Victory.,.. 

Preston 

Ridgeway 

Scioto  River,  bed  of.... 
i:311ver  Creek,  summit . 


P.,  Ft.  W.  &  C  R.  R. 
P.,  Ft  W  A  C  R.  R  ., 
P.,  Ft.  W.  A  C  R.  R.. 
P.,  Ft.  W.  A  C  R.  R... 
P.,  Ft.  W.  A  C  R.  R... 

I.,B.  A  W.  R.R 

C,C,C  AI.R.  R.... 

C.  A  A.  R  R 

C.,C,  C  AI.  R.  R.... 

I.,  B  A  W.  R.  R 

I.,  B.  A  W.  R.  R 


956. 

900. 

949. 

938. 

947. 
1016. 
1036. 
1007. 
1069. 

963. 
1118. 
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Station. 


Authority. 


Eleratioa 


Harbison  County. 


Batler / 

Cadiz 

Cadiz,  Court  House,  water  table 

Cadiz  Junction 

Crawford's  station 

Fairview 

Folk's  Station 

Freeport 

Hairs  Station... 

Mastersville 

Miller's 

New  Market. 

Philadelphia  Riad 

Summit  on  W.  &  L.  E.  Survey,  two 
miles  N.  W.  of  Cadiz 


C,  L.  &  W.  R  R 

P.,  C.  &  St.  L.  K.  R  , 

Jacob  Jarvis 

R,  C.  A  St  L.  R.  R.. 
P.,C.&St  L.  R.  R.. 
P.,  C.  A  St.  L.  R.  R., 
P.,  C.  A  8t  L.  R.  R. 
C,  L.  A  W.  R.  R  .... 

C,  L.  A  W.  R.  R 

P.,  C.  A  St.  L.  R.  R., 
P.,  C.  A  8t.  L.  R.  R.. 
P.,  C.  A  St  L.  R.  R  . 
P.,  C.  A  St.  L.  R.  R., 


W.AL.E.  R.R. 


Hknby  County. 


Alma 

Desbler.. 

Hamler.. 

Holgate 

Liberty  Center.. 

Napoleon. 

Sand  Hili 

Texas,  Lock  12... 


D.  A  M.  R.  R 

B.AO.  R.  R 

B.  A  O.  R.  R 

B.&0.  R.  R 

W.,  St  L.  A  P.  R.  R-.. 
W.,  St  L.  A  P.  R.  R... 
W.,  St.  L,  A  P.  R.  R.... 
Miami  A  Erie  CanaL. 


Highland  County. 


Bald  Mountain,  or  Slate  Knob 

Carmel 

Danville 

Fishei'sKnob 

Fort  Hill 

Greenfield 

Hillsboro... 

Hillsboro.. 

Hillsboro,  Court  House.. 

Hillsboro,  College  HilL 

Hillsboro,  Lilley%  HilL 

Leesburg 

Long  Lick  Mountain^ 

Lynchburg  (railroad grade).. 

Marshall  

Monroe 

Paint  Creek.. 

Rapids  Forge  Mountain 

Samantha.. 

fiamantha,  burying  ground  hill  near. 

Sinking  Springs 

Stultz's  Mountain 

Summit,  bet  Lexington  A  Vienna.. 


By  barometer— Orton.. 

Ohio  Geological  Survey— Orton 

Ohio  Geological  Survey— Orton 

By  barometer— Orton.. 

By  barometer — Locke.. 

C,  W.  A  B.  R.  R 

C,  W.  A  B.  R.  R 

Col.  A  Maysv.  R.  R 

Ohio  Geological  Survey — Orton 

Ohio  Geological  Survey — Orton 

Ohio  Geological  Survey— Orton 

C,  W.  A  B.  R  R 

By  barometer — Orton 

Ohio  Geological  Survey — Orton 

Ohio  Geological  Survey— Orton 

Ohio  Geological  Survey— Orton 

C,  W.  A  B.  R.  R 

By  barometer— Orton.. 

Ohio  Geological  Survey— Orton 

By  barometer — Orton 

Ohio  Geological  Survey,  Whittlesey 

By  barometer— Orton.. 

Ohio  Geological  Survey— Orton..  ... 


HocKiNO  County. 


Carbon  Hill .. 
Enterprise. ... 
Falls  Mills.... 

Gore 

Greendale 

Haydenville.. 


C,  H.  V.  A  T.  R.  R  . 
C.,H.V.AT.R.R.. 
C,  H.  V.  A  T.  R.  R.. 
C,  H.  V.  A  T.  R.  R., 
CH.V.AT.  R.R., 
C.,H.V.AT.R.R.. 


889. 
1206. 
12m 
1091. 
1266. 
1011. 
1217. 

88SL 
1236. 

936. 
1007. 

959. 

858. 

1307. 


710. 
7il. 
723. 
722. 
6S3. 
680. 
739. 
661.4 


1290. 

939. 

lOSB. 

1300. 


1075. 
1066. 
1129. 
1140. 
1165. 
1030. 
1264. 
1001. 
1031. 
938. 

m. 

1160. 
1124. 

mi 

728. 
1326. 

im 


747. 
736. 
763. 
709. 
705. 
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Station. 


Authority. 


Eleyation. 


HocKiKO  County— Concluded. 


Logan 

Logan,  top  of  Water  Falls  at  Court 

House 

Millville 

Monday  Creek  Station 

Orbiston 

IJnioa  Furnace 

Starr -  ...... 

Winona  Furnace 


C,  H.  V.  A  T.  R.  R.. 

C,  H.  V.  &  T.  R.  R  . 
C,  H.V.&T.  R.R., 
C.  H.V.AT.  R.R. 
C,  H.  V.  &  T.  R  R., 
C,  H.  V,  &  T.  R.  R., 
a,  H.V.AT.  R  R., 
C,H,V.AT.R.R., 


HoLMBS  County. 


Black  Creek.. 

Likerille.. 

Millersburg... 

Millersburg,  top  of  bills  near 

Bummit,  bet.  Killbuck  A  Mohican.* 


C,  A.  A  C.  R.  R 

P.,  Ft.  W.  A  0.  R  R 

C,  A.  A  C.  R  R.. 

Ohio  Geological  Survey,  Whittlesey 
Ohio  Geological  Survey,  Whittlesey 

HUBON  COUMTY. 


Bellevue -.... 

Cenlerton.. 

Chicago  Junction. 

Collins 

Greenwich 

Havana... 

Monroeville^ 

New  Haven 

New  ]  4>ndon 

Norwalk 

Pontiac... 

Wakeman.. 


L.  S.  St  M.  S.  R.  R 

B.  A  O.  R.  R 

B.  A  0.  R.  R   

L.  S.  A  M.  8.  R.  R.. 

C,  C,  C.  A  I.  R.  R 

B.  A  0.  R.  R 

L.  S.  A  M.  S.  R.  R 

B.  A  0.  R.  R 

C,  C,  C.  A  I.  R.  R 

L.  S.  A  M.  8.  R.  R.. 

B.  A  0.  R.  R 

1m  o.  &  M..  D.  xC.  R— •.••••••••••••••. 

Jackson  County. 


Coalton..... 
Jackson.... 
Raysville.. 
Wellston.. 


D.  A  I.  R.  R 

Ohio  Geological  Survey,  Whittlesey 

C,  W.  A  B.  R.  R 

D.  A  I.  R.  R 


JxFFEBSON  County. 


Bloomfleld 

Bloomiield,top  of  hill  1  mile  East  of. 

Brown's.. 

ElliottsvQIe 

Gould - 

Hammonds  ville... 

La  Grange.. » 

Linton 

McCoy's  SUtion 

Mingo 

Mingo 

Portland  SUtion 

Reed's  Mills.. 

Rush  Run.. 

Skelley's  Station.. 

Sloan's  Station 

Smithfield  Station... 

Steubenville.. 

Steuben  ville.. 


P.,  C.  A  St.  L.  R,  R 

Ohio  Geological  Survey— Newberry 

0.  A  P.  R  R 

C.  A  P.  R.  R 

P.,  C.  A  St.  L.  R.R 

C.  A  P.  R.  R 

C.  A  P.  R.  R 

C.  A  P.  R.  R 

C.  &  P.  R.  R 

P..  0.  A  St.  L.  R.  R 

0.  A  P.  R.  R 

C.  A  P.  R.  R 

P.,  C.  A  St.  L.  R.  R 

C.  A  P.  R.  R 

P.,  C.  A  St.  L.  R.  R 

C.  A  P.  R.  R 

P.,  C.  A  St  L.  R.  R 

C.  A  P.  R.  R 

P.,  0.  A  St  L.  R.  R 


728. 

742. 
762. 
689. 
699. 
748. 
775. 
743. 


868. 
954. 
816. 


1160. 


755. 
873. 
901. 
879. 
1087. 
818. 
726. 
918. 
980. 
719. 
763. 


718. 
795. 
636. 
738. 


905. 

1434. 

683. 


679. 
688. 
679. 
694. 
684. 
667. 
687. 
679. 
811. 
679. 
841. 


778. 
679. 
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Station. 


Authoritj. 


Elevation. 


Toronto 

Union  port^.. 
Yorkville.... 


Jbffbrson  County— Concluded. 

C.AP.R.R 

P.,  O.  &  St.  L.  R.  R  .. 
C.  AP.  R.  R 


Knox  County. 


Bangs.. ^ 

Centerburg,  croesinff  C,  A.  AC.R  R 
Centerburg,  crosaing  T.  A  0. 0.  R.  R. 

Danville 

Gambler 

Gann.., 

Hpward 

Mt.  Liberty 

Mt  Vernon... >. 


C,  A.AC.  R.R... 
T.  A  O.  C.  R.  R.-.. 
C,  A.  A  C.  R.  R  .. 
C,  A.  A  C.R.  R..  , 
C,  A.  AC.  R.R.. 
C,  A.AC.  R.R... 
C.,  A.AC.  R.  R-. 
C..  A.  AC.  R.R-. 
B.  A  O.  K.  R 


Lake  County. 


Grand  River 

Litttle  Mountain,  Geodetic  Station... 

Madison 

Mentor.. 

Paineaviile 

Perry  - 

Unionville 

Wickliffe 

Willoufshby , ■ 

Willougliby,  Geodetic  Station 


L.  S.  A  M.  S.  R  R.... 
U.  S.  Lake  Survey.  , 
L.  S.  A  M.  8.  R.  R..., 
*L.S.AM.  a  R.  R... 
L.  8.  A  M.  S.  R.  R.... 
L.  S.  A  M.  S.  R.  R... 
L  S.  A  M.  8.  a  R.. 
L.  8.  A  M.  a  R  K... 
L.  S.  A  M.  8.  R.  R.. 
U.  8.  Lake  Survey.. 


Lawrkncb  County. 


Hanging  Rock 

Ironton,  Center  street  crossing- 
Petersburg  (Coal  Grove).« 


8.  V.  R.  R  . 
8.  V.  R.  R. 
8.  V.  R.  R. 


Licking  County. 


Alexander 

Croton 

Granville... 

Hanover , 

Hebron 

Jacktown... 

Jacktown,  summit  of  bill  near., 

Johnstown 

Licking  Summit  Ohio  Canal..... 

Montgomery 

Newark 

Newark,  north  end  of  city 

P.,  C.  A  St.  L.  crossing 


T.  A  O.  C.  R.  R., 

T.  A  O.  C.  R.  R 

T.  A  O.C.  R  R 

P.,  C.  A  St.  L.  R.  R 

T.  A  O.  C.  R.  R.. 

Ohio  Geological  Survey,  Whittlesey 
Ohio  Geolotirical  Survey,  Whittlesey 

T.  AO.C.  R.  R., 

P.,  C.  A  St.  L.  R.  R •... 

P.,  C.  A  St.  L.  R.  R 

P.,  C.  A  St.  L.  R.  R 

B.  A  O.  R.  R 

T.  A  O.  C.  R.  R.M «.....•••••••. 


946. 
67L 


1102. 
1190. 
1209. 

968. 

965. 

874. 

900. 
12lf>. 

991. 


660. 
124a. 
716. 
.  660. 
650. 
707. 
704. 
607. 
635. 
613. 


667. 
650. 
658. 


950. 
1160. 

906. 

830. 

885. 
1076. 
1235. 


Logan  County. 


Bellefontaine 

Bellefontaine,  summit  4  miles  east  of 
Bellefontaine,  summit  li  mile  east  of 

DeGraff- 

East  Liberty 

Gretna 

Harper... 

Middleburg... 


I.,  B.  &  W.  R.  R 

C,  C,  C.  A  L  R.  R 

Ohio  Geological  Survey — Hill... 

C,  C,  C.  A  L  R.  R 

Ohio  Geological  Survey — ^WincheU, 

C,  C,  C.  A  I.  R.  R 

0„  C,  C.  A  L  R.  R 

Ohio  Geological  Survey— Winchell 


892. 
800. 
819. 
791. 
880. 


1216. 

1346. 

1540. 

989. 

iisa 

1086. 
1299. 
1198. 
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Station. 


Authority. 


Elevation. 


Qtiincy 

RashBvlvania 

Weat  Liberty 

Top  of  hill  8  milea  weat  of  Eaat  lib- 
erty..  


LoQAN  OouNTT— Goncladed. 

C.,a,O.ALR.R... 
0.,  0.,  0.  A  I.  R.  R.. 
L,  B.  A  W.  R  R. 


Ohio  Geological  Survey— Winchell. 


Lorain  Oouxtt. 


Amherat 

Belden 

Black  River... 

Brownhelm... 

Columbia... 

Elyria 

Elyria,  Geodetic  Station 

Grafton 

Grafton,  Geodetic  Station.., 

Hart'a 

Kipton 

La  Grange.. 

North  Eaton.. 

Oberlin.. 

Patterson 

Ridgeville 

Rochester... 

Shawville.. 

Wellington 


L.  8.  A  M.  8.  R.  Rm  . . 

0.,  L.  A  W.  R.  R 

C,  L.  A  W.  R.  R 

L.  8.  A  M.  8.  R.  R... 
C,  a,  0.  A  I.  R.  R  . 
L.  8.  A  M.  8.  R.  R.... 
U.  8.  Lake  Survey  .. 
0.,0.,O.ALR.R., 
TJ.  8.  Lake  Survey.. 

C  L.  A  W.  R.  R 

L.8.AM.8.R.R.... 
C,  0.,  0.  A  I.  R.  R  . 
0.,  0.,  O.  A  L  R.  R., 
L.  S.  A  M,  8.  R.  R.., 

C,  L.  A  W.  B.  R 

L.  8.  A  M.  8.  R.  R... 
C,  0.,  0.  A  L  R.  R .. 
L.  8.  A  M.  8.  R.  R... 
a,  0.,  0.  A  L  R.  R.< 


Lucas  Oouhty. 


Air  Line  Junction... 

Holland.. 

South  Toledo 

Swanton 

Sylvania 

Toledo,  Union  depot. 

Toledo 

Toledo 

Toledo 

Toledo 

Toledo 

Toledo,  Air  Line  Junction 

Toledo,  Lockl 

Toledo,  Lock  2 

Toledo,  Locks - 

Toledo,  Lock  4.. 

Toledo,  Lock  6.. 

Toledo,  low  water  in  Maumee  river.. 

Toledo,  Signal  Office 

White  House 


L.S.AM.8.  R.R.. 

L.  8.  A  M.  8.  R.  Rm 

W.,  St  L.  &  P.  R.  R.... 

L.  8.  A  M.  8.  R.  R. 

L.  8.  A  M.  8.  R.  R.. 

L.  8.  A  M.  8.  R.  R. 

T  A  O.  C.  R.  R. 

W.,  St.  L.  A  P.  R.  R... 

D.  AM.RR.- 

0.,H.V.AT.R.R 

L>  S.  A  M.  S.  R.  Rm....4 

L.  8.  A  M.  8.  R.  R. 

Miami  A  Erie  Canal.. 
Miami  A  Erie  Canal.. 
Miami  A  Erie  Canal.. 
Miami  A  Erie  Canal.. 
Miami  A  Erie  Canal., 

W.  A  L.  E.  R.  R , 

U.  a  Signal  Office 

W.,8t.L.  AP.  R.R.,.. 


Madison  County. 


Oonnty  Infirmary. 

Duff's  Fork- 

London... .\.. 

Midway 

Mount  Sterling  ....< 
West  Jefferson 


Ohio  Geological  Survey— Orton., 

C.  A  C.  M.  R.  R. , 

P.,  C.  A  St.  L.  R.  R 

Ohio  Geological  Survey— Orton. 

C.AC.  M.R.R. 

P.,C.A  St.L.R.R 


1060. 
1286. 
1099. 

1878. 


696r 

860. 
611. 
640. 
802. 
718. 
766. 
801. 
964. 
693. 
868. 
828. 
811. 
816. 
771. 
686. 
986. 
744. 


607. 
641. 
689. 
686. 
662. 
680. 


686. 

586. 

686. 

611. 

679.9 

687.9 

696.4 

604.4 

612.4 

678. 

661. 

668. 


1100. 

896. 
1049. 

960. 

916. 

908. 


52        G. 
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Station. 


Aathority. 


SeTAtiofL 


Mahoning  County. 


AuBtintown.^ 

Brier  Hill 

Oanfield 

Damaacas.. 

Lowell 

Nebo... 

Thorn  Hill 

WaahingtonviUe.. . 
Yoongstown. 


N.Y.,P.AO.R.R 

N.Y.,  P.&O.R.R 

N.Y.,P.AO.R.R 

P.,Ft  W.^CRR.,.. 

L.  8.  A  M.  8.  R.  R- 

A.AP.R.R 

N,Y.,P.AO.R.R 

N.  Y.,  P.  A  0.  R.  R 

N.Y.,P.AO.R.R 


Mabion  County. 


Acton  Sammit.. 

Berwick.. 

Caledonia.. 

Caledonia. 

CUfton*8. 

Green  Camp,  water  tank.. 

La  Rue 

Little  Scioto  River.. 

Locaat  Switch 

Marion 

Marion,  C,  C,  C.  A  I.  croeaing.. 

Marion.* 

Marion... 

Martel,  N.  Y.,  P.  A  0.  croeaing. 

Morral 

Owen's... 

Prospect ., 

Sammit^ 


J  C,  H.  V.  A  T.  R.  R.... 
.  N.Y.,P.AO.R.R.... 
'  C.,C.,C.  ALR.R.... 
.    N.  Y.,  P.  A  O.  R.  R..... 

■  O.AA.R.R 

1  N.  Y.,  P.  A  O.  R.  R.... 

J  C,  C,  C.  A  L  R.  R  ... 

;  C,  H.  V.  A  T.  R.  R.... 

.   N.  Y.,  P.  A  O.  R  R.... 

C,  C,  C.  A  L  R.  R.. . 
1  N.Y.,P.AO.  R.R.... 
I  C.  A  A.R.R 

C,  H.  V.  A  T.  R.  R.... 

T.  A  0.  C.  R.  R. 

a,  H.V.AT.  R.R.... 

C.,H.V.AT.R.R.... 

C.,H.V.AT.R.R.... 

C  H.  V.  A  T.  R.  R.... 


Medina  County. 


Chippewa.. , 

Lodi 

Medina... 

Seville 

Styx  River,  aorface  of  water., 
Wadsworth... 


C,  L.  A  W.  R.  R 

W.  A  L.  £.  R.  R.  .... 

C,  L.  A  W.  R.  R 

C,  L,  A  W.  R.  R 

N.  Y.,  P.  A  O.  R.  R, 
N.Y.,P.AO.R.R., 


1012. 

880. 
lieOL 
118& 

82a. 

8«). 

889. 
1069. 

88S. 


944 

918. 

998. 
1068. 

98t 

920. 

988. 

920. 
1053. 

979. 

966. 

975. 

95L 
1037. 

908. 

957. 

918. 

983. 


1066. 

855l 
1086. 

986. 
1169. 
1349. 


Mbiob  County. 


Carpenter's... 

Dexter 

Dyesville 

Langsville.. 

Middleport 

Middleport 

Pomeroy — ..^ 

Pomeroy,  low  water  in  Ohio  River.. 
Pomeroy,  high  water,  flood  of  1884.. 


T.AO.C.R.R 

T.&O.C.R.R 

T.AO.C.R.R 

T.AO.C.R.R 

T.&O.C.R.R 

C,  H.V.AT.R.R., 
0.,H.V.AT*R.R. 
C,  H.  V.  A  T.  R.  R., 
C.,H.V.AT.R.R 


MsBCXB  County, 


Celina,  grade  of  L.  £.  A  W*  at  station 

St  John's.. 

St  John's.. 

St.  Mary's,  Canal  level... 


Ohio  Geological  Survey— Orton — 

(Barometer)... 

Ohio  Geological  Survey— Winchell.. 
Ohio  Geological  Survey— Winchell.. 
Ohio  Geological  Survey,  Whittleaey 


621. 
699. 
601 

bn. 

663. 
664. 
665l 
517. 
678. 


873. 
1003. 
1064. 

851. 
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Station. 


Authority. 


Elevation. 


Miami  Ooumty. 


Covington.. 

Bradford 

Kessler... 

Laara.. 

Ludlow  Falls 

Miami  City 

Piqaa 

Piqaa.. 

Tippecanoe  City 

Troy 

Troy,  D.  &  M.  crossinR... 
Troy,  Canal... 


C.,8t.L.&P.  R.R.... 
a,  8t.  L.  1%  P.  R.  R  ... 

I.,  B.  &  W.  R.  R 

I.,  B.AW.R.  R 

L,  B.AW.  RR, 

P.,  C.  A  St.  L.  R.  R.... 
C.,St.L.AP.R.R.... 

D.AM.R.R 

D.AM.R.R. 

D.AM.  R.R... 

L,  B.  A  W.  R.  R 

Miami  A  Erie  Canal. 


MoNBoa  COCNTT. 


Beallsville... 
Jerasalem..., 

Ozark 

Woodsfield. 


B.,  Z.  A  C.  R.  Rm.. 
B.,  Z.  A  0.  R.  R... 
B.,Z.  AC.  R.R... 
B.,  Z.A  C.  R.  R... 


MONTGOMSBT  COUNTT. 


AlezanderBYille.<» 

Brookville.. 

Dayton,  D.  A  M.  crossing.. 

Dayton 

Dayton,  Third  street 

Dodson... 

Harshmanville 

Miamisbnrg 

Miamisburs... 

Stillwater  Junction 

Trotwood... 


C,  a,  C.  A  I.  R.  R  .. 
P.,  C.  A  St  L.  R.  R., 

Miami  Canal 

Union  Depot 

C,  H.  A  D.  R.  R 

P.,C.ASt.  L.  R.R.. 
C,  C,  C.  A  I.  R.  R .. 
C,  C,  C.  A  I  R.  R  , 
C ,  H.  A  D.  R.  R  ..., 
P.,  C.  A  St.  L.  R.  R. 
P.,  C.  A  St.  L.  R.  R.. 


MoBOAN  County. 

McConnellsville,   Ohio  Meteorolog-I 
ical  Station |  Ohio  Meteorological  Barean.... 


MOEROW    CODNTY. 


Bloomfield  Cemetery,  N.  W.  i  sec.  17. 

CardiDgton 

Chesterville 

Climax.... 

Edison,  crossing  Bee  Line  R.  R.. 

Falton 

Marengo 

Mt.  Gilead,  crossing  Short  line  R.  R.. 

Mt.  Qilead,  Edison  Station... 

Iberia . 


Ohio  Geological  Survey— Winchell. 

C,  C,  C.  &,  I.  R.  R 

Ohio  Geological  Survey — Winchell 

T.  A  O.  C   R.  R 

T.  A  O.  C.  R.  R 

T.  AO.C.  R.  R.. 

T.  A  O.  C.  R.  R 

T.  AO.C.  R  R.. 

C,  C,  C.  &  I.  R.  R. 

C,  C,  C.  A  I.  R.  R 


MusKiNOUM  County. 


Adams'  Mills 

Adams'  Mills,  Lock 87. . 
Adams' Mills,  Lock 26.. 
Adams' Mills,  Lock  29., 

Bridgewater.. 

Concord 

Dresden 


P.,  C.  A  St.  L.  R.  R.... 

OhioCanal.. 

Ohio  CanaL 

OhioCanal. 

0.  O.  (B.  A  O.)  R.  R.. 
<\0.  (B.AO.)R.  R... 
P.,  C.  A  St.  L.  R.  R 


928. 
1006. 
925. 
970. 
900. 
744. 
884. 
918. 
843. 
860. 
847. 
830. 


1270. 
1300. 
1266. 
1173. 


725. 
1083. 

739. 

743. 

756. 
1051. 

783. 

714. 

649. 

791. 

844. 


704. 


1149. 
1011. 
893. 
1032. 
1066. 
1106. 
1119. 
1091. 
1039. 
1166. 


731. 

744.62 

734.62 

724.62 

869. 

846. 

786. 
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Station. 


Authority. 


ElevadoD. 


MuBKiNOUH  OouNTT— Oonclnded. 


Dresden  Junction 

Ellis 

Fravseysburg 

Nash  port  Road 

Norwich 

Norwich,  Summit 

Putnam 

Roseville 

Zanesville 

ZanesYille,  top  of  dam  Muskingum 
River... 


U*   <X    M.     V.    B.  Am • •••.••••••• 

\j*  <X  M.  V.  R.  Rm....*  ••.••••••••••••■ 

P.,  0.  &  St.  L.  R.  R 

P.,  0.  A  St  L.  R.  R 

0.  O.  (B.  A  O.)  R.  R.. 

C.  O.iB.  &  O.)  R.  R. 

Ohio  Geological  Survey,  Whittleeey 

C.  &  M.  V.  R.  R. 

0.  A  M.  V.  R.  R. 


Ohio  Geological  Survey,  Whittlesey 


NoBLx  County. 


Ava......  ...*.... 

Belle  Valleyl.' 

Caldwell 

Caldwell 

Dexter  City..... 

Dudley... 

Hiramsburg... 

South  Olive 

Tunnel 


0.  A  M.  R.  R 

C.AM.  R.  R. 

0.  A  M.  R.  R 

B.,  Z.  A  C.  R.  Rm.. 

C.  A  M.  R.  R 

0.  A  M.  R.  R... 

C.  A  M.  R.  R. 

CAM.  R.R 

O.  A  M.  R.  R.. 


Ottawa  County. 


Danbury,  Geodetic  Station.. 

Elmore... 

Genoa 

Graytown.. 

Martin 

Oak  Harbor 

Port  Clinton.. 


U.  8.  Lake  Survey... 
L.  8.  A  M,  8.  R.  R... 
L.S.AM.8.R.R... 
L.S.AM.S.R.R.... 
L.  8.  A  M.  8.  R.  R..., 
L.8.AM.8.R.  R.... 
L.  8.  A  M.  8.  R.  R.... 


PAULDIKa  COUHTT. 


Antwerp 

Cecil 

Indiana  State  Line 


\t  .,  St.  L.  A  P.  R.  R.... 
W.,  St.  L.  A  P.  R.  R... 
W.,  St.  L.  A  P.  R.  R... 


Pbbby  County. 


Coming 

McLuney... 

Moxahala. 

New  Lexington 

New  Lexington 

New  Straitsville 

Rendville... 

Somerset 

Summit  LaRue's  Gap,  Shawnee.. 


T.  A  O.  C.  R.  R... I 

C.  A  M.  V.  R.  R. I 

T.  A  O.  C.  R.  R.- I 

T.  A  0.  C.  R.  R. 

C.  A  M.  V.  R.R. 

C,  H.  V.  A  T.  R.  R 1 

T.  A  O.  C.  R.  R ! 

Ohio  Geological  Survey,  Whittlesey  ! 
Ohio  Geological  Survey,  Whittiese}  | 


Pickaway  County. 


Ashville 

Oircleville...... 

Darby  Creek 
Deer  Creek..., 

Derby 

Duvall 

Elm  wood 


8.  V.  R.R 

C.  AM.  V.R.R.... 
C.AC.  M.  R.  R.., 
C.  A  C.  M.  R.  R... 
C.  A  C.  M.  R.  R.., 

8.V.  R.R 

8.  V.  R.  R 


7«a. 

779. 
TOL 
773. 

KM. 

964. 
723. 
783. 
700, 


774. 
743. 
743. 
845. 
68S. 
706. 
760. 


594. 
66& 
889. 
601. 
606. 

581. 


729. 
723. 
746. 


722. 
906. 
821. 
866. 
897. 
792. 
742. 
1169. 
909. 


716. 
790. 
763. 
858. 

m, 

714. 
741. 
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SUtion. 


Aathori  7. 


Elevation. 


HayeBville  ... 
New  Holland. 

Palestine 

Williamsport . 


PiOKAWAT  OouNTT— Ooncladed. 

8.  V.  R.R 

O.AM.  V.  R.R   

O.AO.M.  R.R. 

O.AM.V.R.R. 


PiKB  County. 


Big  Ran.. 

Byington  (railroad  grade).. 

Fort  Hill 

Jasper,  Scioto  bottoms.. 

Jasper  Knob 

Latnam 

Latbam,  bill  Sontb-east  of  . 

Painter's  Knob 

Piketon.. 

Riley's  Mountain 


Sargent's 

Sharonville 

Sbepbard's  Mountain. 


Waverly,  depot. 
Wetmore 


8.V.  R.R 

Obio  Geological  Survey— Orton... 
Obio  Geological  Survey— Orton  ... 
Obio  Geological  Survey — Orton... 
Obio  Geological  Survey— Orton... 
Obio  Geological  Survey — Orton... 
Obio  Geological  Survey— Orton... 
Obio  Geological  Survey— Orton... 

S.  V.  R.R 

Obio  Geological  Survey— Orton  (by 

barometer).. 

S.V.R.R 

S.  V.  R.  R 

Obio  Geological  Survey— Orton  (by 

barometer) 

S.V.R.R 

S.  V.  R.  R. 


POBTAOB  GOUMTT. 


Atwater.. 

Atwater  Center.... 

Atwater  summit. 

Aurora 

Campbellsport.. 

Cbarlestown  Center ...... 

Drakesburg 

Earlville 

Edinburg 

Freedom 

Freedom,  summit  near.. . 

Garrettsville 

Hiram,  summit  near...... 

Kent 

Limestone  Ridge 

Mantua.. 

Ravenna 

Ravenna  Station.. 

Ravenna  Public  Square 

Rootstown 

Windbam» 


C.  A  P.  R.  R 

Obio  Geological  Survey — Newberry 

C.AP.R  R 

N.Y.,P.AO.R.R 

Obio  Geological  Survey — Newberry 
Obio  Geological  Survey— Newberry 
Obio  Geological  Survey — Newberry 

C.  AP.R.R 

Obio  Geological  Survey — Newberry 

N.  Y.,  P.  A  0.  R.  R 

N.  Y.,  P.  A  O.R.  R 

N.Y.,P.AO.R.R 

Oolton 

N.  Y.,  P.  &  0.  R.  R 

Obio  Geological  Survey — Newberry 

N.  Y.,  P.  A  O.  R.  R 

N.Y..P.AO.R.R 

C.  AP.R.  R 

C.AP.R.  R 

C.AP.R.R 

N.Y.,P.AO.  R.R 


Pbicblb  County. 


Brinley's 

Camden,  general  level  of  town  . 
Eaton,  sill  of  old  Court  House  . 

El  Dorado- 

Florence 

Lewisburg 

New  Pa^^B  

8onora  

West  A  ezandria •.... 


Wincbester . 


P.,  C.  A  St.  L.  R.  R 

Obio  Gelogical Survey — Orton..... 
ObioGeological  Survey— Wbittlesey 

P.,  C.  A  St.  L.  R.  R.... 

C,  R.  A  C.  R.  R.. 

Obio  Geological  Survey — Orton... 

P.,C.  A  St.  L.R.  R  

P.,  C  A  St.  L.  R.  R 

Obio  Geological  Survey— Orton  (by 

barometer^ 

Obio  Geological  Survey — Orton  (by 

barometer) 


716. 
876. 
884. 
783. 


665. 

1286. 

666. 
1194. 

681. 
1224. 
1196. 

670. 

1160. 
677. 
697. 

1170. 
674. 
668. 


1183. 
1178. 
1176. 
1104. 
983. 
1148. 
1208. 
1091. 
1183. 
1160. 
1186. 
1019. 
1386. 
1060. 
1248. 

nil. 

1093. 
1108. 
1133. 
1123. 
964. 


1124. 

839. 
1044. 
1178. 
1140. 

927. 
1020. 
1039. 


867. 
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Btation. 


Aathority. 


EleTStia. 


Belmore 

ColambuB  Qrove . 

LeipBic 

OtUwa 


Putnam  County. 


D.AM.R.R. 
D.&M.R.R.. 
D.&M.R.R.. 
D.AM.RR. 


732. 
762. 
746. 

7ia. 


Richland  County. 


Lucaa 

Mansfield 

Mansfield 

Mansfield,  P.,  Ft  W.  &  C.  crossing ..... 

Ontario 

Plymonth 

Richland 

Richland  croesinff 

Shelby 

Shelby  Junction 

Shelby 

Shiloh 

Spring  Mills.. 

Spring  Mills  crosdng 

Vernon  Junction 

Sammit,  Soath-east  part  of  coanty... 
Highest  hills  of  Richland  county..... 


P.,  Ft.  W.&  C.  R.  R.. 

r.,  Ft.  W.  A  C.  R.  R 

B.&  O.  R.  R 

N,  Y.,  P.  A  O.  R.  R  

N.  Y„  P.  A  O.  R.  R 

B.  A  O.  R.  R 

P.,  Ft  W.  A  0.  R.  R 

P.,  Ft  W.  A  C.  R.  R 

B.  &  O.  R.  R 

B.  A  O.  R.  R 

C,  C,  0.  A  I.  R.  R 

C,  C,  0.  A  L  R.  R 

B.  A  6.  R,  R 

P.,  Ft  W.  A  a  R.  R 

C,  C,  C.  A  I.  R.  R 

OhioGeological  Survey— Whittleeey 
Ohio  Geological  Survey— Newberry 


Ross  County. 


Anderson 

Buckskin 

Chillicothe 

Chillicothe 

Frankfort.. 

Higby 

Hopetown  

Kingston 

Kinnikinnick 

Londonderry 

Londonderry 

Lyndon 

Musselman  Junction,  East  of 

Musselman  Junction,  West  of 

Salt  Creek.. 

Salt  Creek., 

Schooley's 

Schooley's,  1}  m.  East  of  Station  on 

C.,W.AB.R.R. 

Scioto  bridge 

Three  Locks.. 

Walnut    Creek,    1}    mile   East  of 

Schooley's • , 


C,  W.  A  B.  R.  R 

C,  W.  A  B.  R.  R 

C,  W.  &  B.  R.  R 

D.  A  L  R.  R 

D.ALR.R 

S.  V.  R.  R 

S.  V.  R.  R 

S.  V.R.  R 

S.  V.  R.  R 

C,  W.  A  B.  R.  R 

U.  8.  Coast  and  (Geodetic  Survey  ..... 
U.S. Coast  and  Geodetic  Survey..... 
U.  S.  Coast  and  Geodetic  Survey..... 
U.  8.  Coast  and  Geodetic  Survey..... 

C,  W.  A  B.  R.  R 

D.  A  L  R.  R 

C,  W.  A  B.  R.  R 


U.  8.  Coast  and  Geodetic  Survey.. 

C.  W.  A  B.  R.  R 

S.V.  R.R 


XJ.  S.  Coast  and  Geodetic  Survey.. 


lOQL 
Hill. 
1154. 
1156. 
1«77. 
99S. 
1201. 
121S. 
1068. 
10S6. 
1117. 
1060. 
1176. 
1212. 
1127. 
1400. 
1475. 


708. 

926. 

635. 

63a 

760. 

594. 

675. 

770. 

672. 

625. 

615J8i5 

912^228 

700.219 

712787 

615. 

589. 


666.157 

625. 

617. 

66&167 


Sandusky  County. 


Clyde 

Fremont . 
Lindsey.... 


L.  6.  A  M.  S.  R.  R... 
L.  S.  A  M.  8*  R.  R... 
L.  S.  A  M.  S.  R.  Rm.i 


691. 


APPENDIX. — IX£yATION8. 


81& 


Station. 


Aathozity. 


Elevation. 


Scioto  Oouhtt. 


Bavia'B 

I>ry  Run - 

Franklin  Furnace  (Ohio  river) 

Haverhill.. 

Johnson's.. 

LQcasville.. 

Portsmouth,  S.  Y.  Depot 

Portsmouth,  low  water  in  Ohio  river. 
Portsmouth,  0.,  W.  &  B.  Junction  .. 

Sdotoville,  0.,  W.  &  B.  Junction.. 

Wheelersburg 


Alvada,  summit.. 

Attica.. 

Bascom... ., 

Berwick 

Fostoria,  B.  de  O.  crossing. 

Fostoria 

Fostoria,  B.  &  O.  crossing... 

Kansas 

McGutchenville... 

New  Reigel 

Bepublic 

Tiffin.. 

WestPrairie 


Anna... 

Botkins....... 

Houston 

Pemberton . 

Russia. 

Sidney 

Sidney 

Sidney 

Spafford...... 

Summit...... 


8.V.RR 

0.,W.AB.B.  B. 


8.V.  R.R 

8.V.  R.  R 

aV.  R.R 

8.V.R.R 

Ohio  Geological  Survey.. 

S.V.R.R 

8.V.R.R 

8.V.R.R 


Sbnxca  Countt. 


0.,H.V.&T.R.R.. 

B.  A  O.  R.  R 

B.AO.R.R 

T.AO.O.R.R 

T.AO.O.R.R 

L.  E.  A  W.  R.  R. 

C,  H.V.AT.R.R.. 
L.  E.  A  W.  R.  R. 

T.AO.C.R.R 

T.AO.O.R.R 

B,AO.R.R 

B.AO.  R.R 

0.,H.V.  AT.R.R.. 


Shxlbt  County. 

D.  A  M.  R.  R. 

D.AM.R.R.- 

0.,C.,O.AI.  R.R 

C,  0.,  0.  A  I.  R.  R 

0.,C.,O.AL  R.R 

0.,0.,aALR.R 

D.&M.R.R 

Miami  A  Erie  Ganal.... 
0.,  0..  0.  A  I.  R.  R 

D.  A  M.  R.  R.  R... ••..••. 


667. 
667. 
649. 
663. 
664. 
666. 
688. 
477. 
688. 
646. 
640. 


861. 
964. 
783. 
840. 
777. 
782. 
778. 
731. 
800. 
828. 
886. 
769. 
807. 


1018. 

954. 

969. 
1063. 

971. 

969. 
1001. 

949. 
1038. 
1068. 


Stabk  County. 


Alliance.. 

Alliance 

Alliance,  summit  South  of  .< 

Barr's  Mills 

Beach  City,  summit 

Canal  Fulton 

Canton 

Canton • 

Greentown 

Justus 

Limaville.. 

Louisville... , 

Massillon 

Massillon 

MassUlon 

Massillon,  Lock  6 

Massillon,  Mines. 


P.,  Ft.  W.  A  C.  R.  R.. 

C.  A  P.  R.  R 

Ohio  Geolofldcal  Survey,  Whittlesey 

C.  A  W.  R.  R  M. .* 

C.  A  C.  R.  R 

C,  L.  &  W.  R.  R 

V.  R.  R 

P.,  Ft  W.  &  C.  R.  R. 

V.R.R  

C.,L.AW.R.R 

C.  A  P.  R.  R 

P.,  Ft  W.  A  C.  R.  K. 

P.,  Ft  W.  A  C.  R.  R.. 

C.,L.A  W.R.R 

W.  A  L.  E.  R.  R  

Ohio  CanaL 

P.,  Ft  W.  A  C.  R.  R. 


1068. 
1089. 
1202. 

966. 
1068. 

947. 
1039. 
1047. 
1108. 

994. 
1098. 
1117. 

964. 

968. 

962. 

989.6 

96a 
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Station. 


Aathority. 


EleTatiQa. 


Stabk  Oouhtt— Concluded. 


Minerva.. , 

Navarre..  

Navarre,  Lock  6 

Nimishillen... 

Strasburg... 

Strasbnrg.. 

Osnaburg,  summit  cut.. 

XJniontown 

WayHeeburg 

Wilmot,  top  of  hilL 


0.  &  P.  R.  R 

0.,  L.  &  W.  R.  R 

Ohio  Canal 

P.,  Ft.  W.  &  C.  R.  R.. 

P.,  Ft  W.  A  C.  R.  R- 

P.,  Ft.  W.  A  C.  R.  R« 

C.  &  C.  R.  R 

V.R.R.. 

CI  A  P  R  R 

Ohio  Geol'ogicai'SvveyrWhiuie^^ 


1052. 

998. 

9233 
1147. 
1187. 


Summit  County. 


Akron,  East.. 

Akron,  summit  near... 

Akron,  summit  West  of 

Akron 

Akron,  Ohio  Canal,  summit  level, 

high  water. 

Boston 

Botzum's.. 

Clinton... 

Cuyahoga  Falls 

Cuyahoga  Falls  River,  rail 

Dennison 

Everett 

Hudson  Station. - 

Hudson  Village 

Krumroy 

Macedonia 

New  Portage 

Northfield  Summit. 

Peninsula.. 

Peninsula  Lock 

Silver  Creek.. 

Tallmadge 


V.R.R 

Ohio  Geological  Survey,  Whittlesey 
Ohio  Geological  Survey,  Whittlesey 
N.  Y.,  P.  &  0.  R.  R 


Ohio  Geological  Survey,  Newberry. 

V.  R.R.. 

V.  R.R 

C,  A.  &  C.  R.R- 

C,  A.  &  C.  R.  R.. 

P.,  0.  &  T.  R.R.. 

N.  Y.,  P.  &  O.  R.R 

V.  R.  R. 

C.  &  P.  R.  R 

C.  A  P.  R.  R 

V.  R.R 

C.  A  P.R.R 

N.  Y.,  P.  A  O.  R.R 

C.  A  P.  R.  R 

V.  R.  R 

Ohio  Canal 

N.  Y.,  P.  A  O.  R.  R 

N.  Y.,  P.  A  O.  R.  R 


1177. 

1073. 

981. 

1861. 


975. 
1175. 
1061. 
1003. 


Tbumbull  County. 


Bloomfield 

Brace  villc 

Burg  Hill  - 

Church  Hill« 

Courtland 

Girard 

Hubbard 

Johnston  Summit 

Leavittsburg ^l 

Liberty,  water  tank 

Biahoning  Summit  Swamp 

Mesopotamia,  Geodetic  Station . 

Mineral  Ridge.. 

Niles  - 

Orangeville 

Phalanx  (Braceville).. 

State  Line 

Vienna  Junction 

Warren... 

Warren  Station 


A.  A  P.  R.  R I 

N.  Y.,  P.  A  O.  R.  R ! 

N.  Y.,  P.  A  O.  R.  R I 

N.  Y.,  P.,A  O.  R.  R ! 

N.Y.,  P.AO.R.  R 

N.  Y.,  P.  A  O.  R.  R 

N.Y.,P.AO.R.R... 

N.  Y.,  P.  A  O.  R.  R I 

N.  Y.,  P.  A  O.  R.  R 

N.  Y.,  P.  A  O.  R.  R ] 

Ohio  Geological  Survey- Whittlesey 

U.  8.  Lake  Survey | 

N.  Y.,  P.  k  0.  R.  R ! 

N.  Y..  P.  A  0.  R.  R 

N.  Y.,  P.  A  0.  R.  R 

N.  Y.,  P.  A  0.  R.  R 

N.  Y.,  P.  A  0.  R.  R 

N.  Y.,  P.  A  O.  R.  R • ...••. 

N.  Y.,  P.  A  O.  R.  R 

N.  Y,  P.  A  O.  R.  R 


663. 
74a 
969. 

1011. 

1047. 

idoa 

726. 
1063. 
112a 
1049. 

1204. 
1043. 

699. 

702.5 
1892. 
1333. 


906. 

907. 
1044. 
1017. 

999. 

937. 
1126. 

907. 
1071. 

916. 
1172- 

970. 

889. 

946. 

918. 

862. 

869. 

900. 
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Station. 


Aathority^ 


Elevation. 


Tuscarawas  Oountt. 


Black  Band 

Bolivar,  Lock  8 

Canal  Dover.. 

Canal  Dover,  Lock  12 

Denniflon 

Onadenhatten 

Goshen.. 

Mineral  Point.. 

Mt.  Tabor.. 

New  Caetle,  Oanal.. 

Newcomerstown 

Newcomerstown,  Lock  81 

New  Philadelphia  - 

New  Philadelphia 

Newport 

Phimpabarg^ 

Port  Washington 

Port  Washington,  Lock 

Port  Washington,  hill  tope  north  of. 

Post  Boy 

Stillwater.. 

Strasbnrg 

Trenton.. 

Trenton,  Lock  16 

Trenton.  Lock  16 

Toscarawas 

Uhrichsville.. 

Uhrichsville,  top  of  hills 

Wolfs  SUtion 

Zoar  Station.. 

Zoar  Mills,  Lock.. 

Zoar,  top  of  hills 


C.  <&  M.  R.  R 

Ohio  Canal.. 

0.  A  P.  R.  R 

Ohio  Canal 

P.,  C.  A  St.  L.  R  B 

Ohio  Canal.. 

a,  L.  A  W.  R.  R 

C.  k  P.  R.  R., 

Ohio  Geological  Survey— Newberry 
Ohio  Geolwcal  Survey— Newberry 

P.,  C.  A  St.  L.  R.  R 

Ohio  Canal.. 

C,  L.  A  W.  R.  R 

C.AP.R.R 

C,  L.  A  W.  R.  R 

aAM.R.  R. 

P.,  C.  A  St.  L.  R.  R 

OhioCanal.. 

Ohio  Geological  Survey— Newberry 

C.  A  M.  R.  R 

C,  L.  A  W.  R.  R 

C,  L.  A  W.  R.  R.. •.....•.•*.•••.■•. 

P.,  C.  A  St.  L.  R.  R 

OhioCanal.. 

Ohio  Canal 

C  L.  A  W.  R.  R 

P.,  C.  A  St  L.  R.  R 

Ohio  G^logical  Survey — Newberry 

C.  A  M.  R.  rI.. 

C.  A  P.  R,  R 

Ohio  Canal.. 

Ohio  Geological  Survey— Newberry 


908. 
906.62 
«84. 
878.62 
866. 
829.62 
853. 
969. 
1348. 
862. 
796. 

874. 
904. 
870. 
930. 
813. 
823.6 
1298. 


917. 

833. 

848.6 

840.6 

827. 

863. 
1168. 

837. 

887. 

892.6 
1173. 


XJhion  County. 


Allen  Center . 


Broadway  • 

Dover.. 

Ebbox 


Irwin.. 

Marysville 

Mflford  Center  .. 
New  California.. 

Newton.. 


Peoria 

Pottersburg  .. 
Rich  wood ...... 

Woodland...... 

York  Center 


Phsrisbnrg . 
Plain  City... 


Ohio  Geological  Survey— Winchell 

(by  barometer) 

N.  Y.,  P.  A  O.  R.  R 

C,  C.,C.  A  L  R.  R 

Ohio  Geological  Survey— Winchell 

(by  barometer).. 

C,  C.  C.  A  L  R.  R 

C,  a,  C.  A  L  R.  R 

C.,C.,C.ALR.R 

Ohio  Geological  Survey— Winchell 

(by  barometer) 

Ohio  Geological  Survey— Winchell 

(by  barometer) 

N.  Y.,  P.  A  O.  R.  R 

N.  Y.,  P.  A  O.  R.  R 

N.Y.,P.AO.R.R 

N.  Y.,  P.  A  O.  R.  R 

Ohio  Geological  Survey— Winchell 

(by  barometer) 

Ohio  Geological  Survey— Winchell 

(by  barometer) 

Ohio  Geological  Survey— Winchell 

(by  barometer) .......; 


looa 

1082. 
971. 


1012. 

OOQ 
tfaum 

996. 

948. 

1083. 
1044. 
1093. 

948. 

960. 

972. 
877. 
798. 
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SUtion. 


Aaihority. 


EleTaSkn. 


Vah  Wkbt  Couhty. 


Ck)nway 

DelphoB^.., 

Delphos,  Lock^. 

EnterpriBe 

Dizon^ 

Middleport 

Rivare 

Van  Wert 


Baird's  Sommit 

Big  Sand  Furnace 

Oreola 

Eagle  Fnmaoe^ 

Hamden 

Hamden 

Hawks 

McArthnr^ 

Minerton 

MoonTille^ 

New  Plymoaih 

Radcliff- 

Swan. 

Vinton  Fnmace  Station.. 

Zaleski 

Zaleski,  1  m.  South  of 


Ayoca   

Ck)rwin  ....1 

Fort  Ancient 

Foster's.. , 

Franklin 

Lebanon , 

Mason 

Morrow.. 

Pleasant  Plain.... 

Shakers' 

South  Lebanon.. 


P.,  Ft.  W.  &  0.  R.  R.^,, 
P.,  Ft  W.  A  0.  R.  B  ., 
Miami  &  Erie  Canal ., 

O.&A.  R,R 

P.,  Ft.  W.  A  0.  R.  R.... 
P.,  Ft.  W.  A  0.  R.  R... 

0.&A.R.R 

P.,  Ft  W.  A  0.  R.  R... 


ViMTON  COUHTT. 


0.,  H.  V.  A  T.  R.  R  « 

0.,  W.  A  B.  R.  R 

C,  H.  V.  A  T.  R.R 

0.,  H.  V.  A  T.  R.  R 

XJ.  S.  Ooast  and  Geodetic  Survey... 

0.,  W.  A  B,  R.  R 

C,  H.  V.  A  T.  R  R 

C,  H.  V.  A  T.  R.  R 

a,  H.  V.  A  T.  R.  R 

a,  W.  A  B.  R.  R 

C,  H.  V.  A  T.  R,  R 

0.,  H.  V.  A  T.  R.  R 

a,  H.  V.  A  T.  R.  R 

0.,  W.  A  B.  R.  R 

0.,  W.  A  B.  R.  R 

U.  S.  Ooast  and  G^eodetic  Survey.... I 


Wabrin  County. 


C.  N.R.R 

P.,C.A8tUR.R.. 
P.,  O.  A  St.  L.  R.  R,. 
P.,  0.  A  St  L.  R.  R.. 
0,,C.,O.ALR.R.. 

0.  N.  R.  R 

O.N.R.  R 

0.  A  M.  V.  R.  R 

C,  W.  A  B.  R.  R 

0.  N.R.R 

P.,  0.  A  St  L.  R.  R.. 


791. 
784. 
784. 
847. 
7M. 
784. 
851. 
784. 


7M. 

712. 

78a 

691. 

TQ&m 

72L 

689. 

780. 

887. 

7S8. 

776- 

64& 

760. 

71L 

781. 

714.884 


789. 
669. 
600. 
688. 
709, 
827. 


90». 
745. 


Washington  County. 


Belpre 

Caywood 

Cutler 

Elba 

Harmar.. 

Little  Hocking.. 

Macksburg 

Marietta,  Fourth  street  depots 

Marietta,  Muskingum  river  crossing 
Biarietta,  low  water  in  Muskingum 

river 

Salem  Station 

Stanley 

Vincent's 

Warner ....; 

Whipple 


C,  W.  A  B.  R.  R 

C.  A  M.  R  R 

C,  W.  A  B.  R.R 

C.  A  M.  R  R 

C,  W.  A  B.  R.  R 

U.  S.  Coast  and  Geodetic  Survey.. 

C.  A  M.  R  R 

C.  W.  A  B.  R.  R 

C,  W.  A  B.  R  R 


C.,W.AB.RR 

aAM.RR 

C.AM.RR.. 

Marietta  Mineral  R'y- 

C.  A  M.  R  R 

C.AM.RR« 


68a 

614. 

777. 

664. 

623. 

628.96» 

680. 

616. 

640. 

582. 


829. 
774. 
67& 
ooo. 
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SUtion. 


Authority. 


Elevation. 


Waynk  Cootity. 


Apple  Creek.. 

Borbank 

!Ea8ton 

Fairview 

Fredericksburg 

Jackson.. 

Milton 

Onrville... 

Orrville,  C,  A.  &  C.  crossing 

Onrville,- 

Pike  Station... 

Russell,  0.,  L.  A  W.  crossing 

Shreve 

Smithville 

Warwick 

West  Salem 

Windsor 

Wooster 

Wooster,  summit 

Summit,  Northwest  part  of  county... 


a,  A.  k  0.  RR. 

N.  Y.,  P.  &  O.  R.  R 

0.,  L.  A  W.  R  R 

P.,  Ft.  W.  &  0.  R  R« 

0.,  A.  &  0.  RR- 

W.  »  L.  £.  R  R. ••••■•••  »••••... 

N.  Y.,  P.  <k  O.  R  R 

C,  A.  &  0.  R  R. 

P.,  Ft  W.  A  0.  R  R 

P.,  Ft.  W.  A  0.  R  R. 

N.  Y.,  P.  A  O.  R  R 

si*  X.,  XT.  Ot  \J^t  U.  !»••••••.••••«.••••.*..    • 

p.,  Ft  W.  A  0.  R  R. 

P.,  Ft  W.  A  0.  RR 

C,  L.  A  W.  R  R 

N.  Y.,  P.  A  O.  R  R 

N.  Y.,  P.  A  O.  R  R 

P.,  Ft  W.  A  0.  R  R. 

P.,  Ft  W.  A  a  R  R 

Ohio  Geological  Survey,  Whittlesey 


942. 
068. 

9ei. 

1024. 

968. 

761. 
1193. 
1066. 
1068. 
1072. 

982. 

978. 

926. 
1122. 

96a 
1096. 
1067. 

916. 
1186. 
1276. 


Williams  County. 


Bear  Greek 

Bryan 

Edgerton 

Melbern 

Melbem,  summit  West  of . 
Stryker... 


L.S.AM.S.  RR.. 
L.  S.  A  M.  S.  R  R... 
L.  8.  A  M.  8.  R  R.. 
L.  S.  A  M.  S.  R  R. 
L.  S.  A  M.  S.  R  R... 
Li.  S.  a  M.  S.  R.  R..< 


766. 
830. 
643. 
877. 
716. 


Wood  Ooumtt. 


Bairdstown 

Bloomdale 

Bowling  Green 

Bradner.. 

Dunbridge 

Ration 

Hoyt'a  Comers. 

LeMoyne.. 

Lime  City.. 

Luckey 

Millbury  Junction .... 

Milton  Center... 

Montgomery , 

North  Baltimore....... 

Pemberville.. 

Pemberville.. 

Perrysburg 

Portage 

Prairie  Depot 

Rifling  Sun 

Stony  Ridge.. 

Tontogany 

Tromblv 

Walbridge 

Welker.- 


B.  A  O.  R.  R 

B.  A  O.  R  R 

T.A8.R.R. 

C,  H.  V.  A  T.  R  R.. 

T.AS.R.R 

T.AO.  O.RR.. 

B.AO.  RR 

C,  H.  V.  A  T.  R  R.. 

T.A8.R.R 

T.A  O.  C.RR. 

L.  S.  A  M.  S.  R  R... 

D.AM.RR 

D.AM.RR 

B.AO.  RR 

CH.V.AT.RR. 

T.  A  O.  C.  R  R 

D.AM.  RR. 

T.  A  S.  R  R 

T.  A  O.  C.  R  R. 

0.,H.V.AT.R.R.. 
T.AO.  O.RR- 

D.  A  M.  R  R- 

T.AS.  RR 

0.,H.V.AT.RR.. 
T.AS.RR 


747. 
766. 
708. 
698. 
668. 
704. 
721. 
688. 
660. 
678. 
616. 
690. 
667. 
740. 
648. 
667. 
622. 


707. 
644. 
662. 
701, 
620. 
786. 
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Station. 


Authority. 


EleiratiaiL 


Wyandot  Oountt. 


Oarey^ 

Oarey.. 

Oranberry  Manh 

Deunqaat » 

Edenville... 

Fowler 

Kirby- 

Nevada 

Sycamore 

Upper  Sandnsky.. 

Upper  fiandnsky,  P.,  Ft  W.  A 
croiBixig.. 


L,  B.AW,R.R. 

0.  H.  V.  A  T.  R.  E 

L,B.AW.R.R 

T.  A  O.  0.  R.  R... 

P.,  Ft  W.  A  0.  R.  R-.. 

0.,H.V.AT.R.R 

P.,  Ft.  W.  A  0.  R.  R.., 
P.,FtW.AaR.R... 

T.AO.O.R.R.- 

P.,FtW.AO.R.R... 


C.,H.V.AT.R.R.< 


813. 
«9 
906. 
028. 
899. 


858. 
800. 

848. 


INDEX. 


A 

Analysis.  Chemioal—  page 

Blue  Lick  water 298 

Cements,  American 686 

Coal.    (See  coal  seams.) 

"CoaP',  at  Wauseon 247 

Drillings.  (See  drillings  from  deep 

wellsO 
Gas.    (See  natural  sas.) 
Limestones.    (See  limestones.) 
Petroleum.    (See  petroleum.) 
Shales.  (See  Hudson  River  shale.) 
Shales.    (See  Utlca  shale.) 
Trenton  limestone.    (See  Trenton 
limestone.) 
Accumulation  of  oil  and  gas—  f 

conditions  favorable  to 90-94 

Akron 867 

Akron  axis 819 

Ames  limestone,  597-699, 600,  602,  612,  682, 

[634,  686,  636 

American  manufacturer 408 

American  Portland  cements :.. 

Andrews,  E.  B.,  Prof.,  88,  36,  39, 42, 90, 394 

on  anticlinals 90 

on  fissures  in  oil-rocks 90 

Anemometer,  in  measurement  of  gas 

wells /. 128 

Anhydrite  in  Newburg  well 868 

Anhydrite  in  northern  Ohio 699 

Antiolinals— 

Akron 67 

Cambridge 66-877 

Cadiz 66 

Cincinnati 46 

Fredericktown 56 

Salisbury 66 

in  relation  to  oil  production 90 

Anticlinal  theory — 

applied  to  gas  wells ^ 91 

(uscussed  by  Andrews,  E.  B 90 

Ashburner,  C.  A 92 

Hunt,  T.  S 90 

Minshall,  F.  W  90 

Newberry,  J.  S 90 

Warner,  A.  J 90 

White,  LC 92 

earliest  statements  of 89 

Arcadia 108-217 

Arcanum 272 

Arch,  Cambridge.. 377 

Arches  in  strata— Akron 69 

Cambridge 57 

Cadiz 67 

Arlington : 218 

Arrested  anticlinals 94 

accumulations  of  gas  and  oil  in  ...    94 
Ashburner,  C.  A 80,    92 
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Ashtabula 424 

Asphalt,  in  Dayton  limestone 76 

in  Waterlime 76 

Asphalt,  Trinidad 76 

Athens  county,  coal  seams  of 680 

Axis,  Cincinnati 9 

B 

Baker  and  Marvin 128, 181,  208 

Bairdstown 229 

Barnard's  coal  mines.. 616 

analysis  of  coal  of 617 

Barnard,  J.  G.,  Geu'l 77 

BamesvilJe  coal  seams 622 

Beaver  Dam 216 

Bedford  shale 88,    84 

Bellaire   406 

coal  mines  of 616 

geological  section  of. 618 

Belle  Center 267 

Bellefontaine 266 

Bellevue 214 

Belmont  county,  coal  seams  of 606 

in  Colerain  township 608 

Ooshen — 

Flushing 611 

Kirkwood 612 

Mead 620 

Pease ; 606 

Pulteney 615 

Somerset 672 

Union 614 

Warren 622 

Washington.. 621 

Wheeling 609 

York 620 

Belpre 401 

Bbrba  Grtt 36 

a  source  of  gas  and  oil 811,  825,  406 

areas  of,  in  outcrop.. 312 

"       undercover 312 

continuity  of 314 

cover  of 88 

equivalent  of 35 

failures  of,  as  an  oil-rock 845-408 

formation  of 36 

fossils  of 36 

gas  and  oil  of 811 

height  above  tide-water 57,  816,  324 

importance  of 35 

intervals  to  Upper  Silurian  lime- 

fitones 28 

pebbles  in 36 

Btratigraphical  relations  of 311 

thickness  of. 36,  311,  347 

Berea  Grit— gas-fields  of 333-340 

oil-fields  of 328,838,  418 
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Berea  shale 36 

composition 87 

fossils 37  ' 

persistency 814-324 

petroleum 37 

service 314 

Berlin  Heights- , 315 

Bert  helot — on  origin  of  petroleum 61 

on    illuminating   proper- 
ties of  gas 538 

Binney,  £.  W.,  on  petroleum  in  peat..    63 

Birdseye  limestone 7-101 

Birmingham,  deep  well 34(i 

Bitumens,  composition  of 60 

Bi  tum  i  nous  shales— as  sources  of  gas..70-95 
as  sources  of  oil..    70 

Black  River  limestone 101 

Black  shale  (see  Ohio  shale) 23 

composition 82,684 

coal  films  in 80 

divisions 25 

fossils 31 

organic  matter 32 

Bloomdale 2:^3 

BioomiuKville 393 

Bloomville 201 

"Blowers"  of  gas 10 

Blue  Grass  region,  soils  of 4 

Blue  Lick  water 7,  272,  297 

analysis  of 298 

Bluflton 216 

Bodey,  C.  W 656,  668 

Bowling  Qreen,  gas-field  of 156 

Keology 156 

history  and  growth 159-163 

utilization  of  gas 160 

Bradford  sands— position  of,  in  scale..    86 

Bradner 207 

Brady,  Peter 215 

Brick  burning  by  natural  gas 144 

Bromine  manufacture  in  Ohio..653, 656,  667 

Brooklyn  Village 430 

Brown,  C.  N.,  Prof 56-595 

Brownhelm 437 

Brush  Creek  coal  seam 633 

Bryan 247,  786 

Buckeye  Pipe  Line  Co 154  , 

Bucyrus 363  , 

Buena  Vista  stone 38   | 

Bufi&lo  Portland  cement,  analysis  of..  674 
Burgoon 214  | 


Cadiz — anticlinal  axis 57  i 

coal  seams 626   I 

California,  petroleum  of 71  | 

Cambridge,  anticlinal  axis  of 377-381   i 

search  for  gas  and  oil 376  | 

Cambridge  limestone 633-646  ' 

Camden 285  I 

Canada  oil,  horizon  of 88  i 

Canada  oil-fields 64 

Canal  Dover 320  > 

deep  well  at 369  , 

Canastota  Glass-works. 164  ' 

Cannonsburg 215 

Canton,  deep  well  at 349 

Captina  Creek  coal  seam 6i0 

Cardington 283 

Carey 203 

Carbonic  acid  in  drift  beds 778 


Carll,  J.  F.,  on  oilHuind8..82,  84, 85»  89.  4t: 

Carr,  W.  M 873-375,  979-5^* 

Carroll S^* 

Casement,  Gen'l  J.  S.,  gas-wells  of —  4r 

Casing  of  oil-wells 3-t  4 

Celina ^ -.  iv 

Cements,  artificial 680,094,  e<^ 

natural,  analyses .^.674-^'^'^ 

characteristics. €7'j. 

chemistry •T:- 

composition ~ t-. ! 

distribution... 67. 

hardening ........^ «tC4 

tests 68a,  6i'- 

Census  reports •* - —      t 

Chazy  limestone 7 

Chemical  analysis.    (See  Analysis). 

Chemical  origin  of  petroleum $3 

Chemung  group 27-iS^ 

Cherry  farm  well,  near  Marietta .-^'^ 

Ches^h ire  coal ?--• 

Chicago  Junction z-'*- 

Chicago  limestone ~     ^ 

Cincinnati  l(fc=^±^*? 

Cincinnati  axis. &-*$ 

direction  of 51 

Cincinnati  group,  a  synonym 9-105 

Cincinnati  limiestone,  a  source  of  gas 

an(^il 76 

Circleville 2K 

Clay,  aflanity  of,  for  oil "^ 

demons  A  Sons,  quarries  of 755 

Cleveland- 
deep  well 20-35: 

gas-wells 4iiJ* 

Cleveland  Rolling-mill,  deep  well..  ..   351 

gas  found  in 355 

Cleveland  shale 26 

extent,  fossils,  thickness.. 27 

Cliff  limestone 21 

Clinton  clay 13 

Clinton  limestone — 

a  source  of  gas  and  oil..l2,  75,  354,  7^ 

a  source  of  lime 712,  715,  7^ 

areas  of,  in  Ohio 11 

composition  of 12, 13, 116, 158,  3M 

Clyde  214 

Coal  Measures,  section  of 618,  627,  6S1 

Coal  Measure  limestones. 632 

Ames,  631.  (See  Ames  limestone). 
Cambridge,  631.    (See  Cambridge 
limestone). 

Ewing  631 

Coal  seams— Athens  county e&) 

Guernsey  county 63S 

Morgan  county  .T W* 

Eastern  Ohio 595 

Southern  Ohio 633 

Columbus 2S1 

cement  works 6M 

limestone 21-7d3 

Columbus  Grove- 242 

Conard,  George 296 

Conglomerate  group 43 

a  source  of  gas  and  oil 3(3 

Conneaut 422 

Cook,  Prof.  G.  H HO 

Copperas  in  coal t 598 

Corniferous  limestone 21 

a  source  of  oil 21 

composition  -of 746-73 

divisions  of 2J,  746,  7& 
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Ooventry 867 

Ck>vington *. 274 

Oow  Kun  oil-field 444 

Orandall,  Prof.  A.  R — 

Creetllne 808-864 

Cridersville 268 

oil-field 179 

Orinoidal  limestone.  (See  Ames  lime- 

Btone). 
Cuyahoga  shale 87 


Dana,  James  D.jProf 106 

BawBon,  Sir  J.  W 80 

on  sporangites 71 

Dayton 286 

Dayton  limestone 18 

asphalt  in 76 

Dean,  I.  E 167 

Dbbp  Wells  recently  drilled  in  Ohio- 
Ada  219 

Air  Line  Junction,  Toledo 208 

Akron 868 

Anscnia 278 

Arcadia 217 

Arcanum  272 

Arlington 218 

Ashtabula 424 

Bairdstown  229 

Reaver  Dam 216 

Belden 332 

Bellaire 406 

Belle  Center 267 

Bellefontaine 267 

Bellevue 216 

Belpre 401 

Berea 433 

Berlin  Heights. 816 

Birmingham 847 

Bloomdale 238 

Bloomingville 393 

Bloomvilie: 201 

Bluffton 216 

Bowling  Qreen.. 167 

Bradner 207 

BrilUant 323 

Brooklyn  Village 431 

Brownhelm 437 

Bryan 247 

Bucyrus 868 

Burgeon 214 

Canibridge 879 

Camden.. 286 

Canal  Dover 369 

Cannonsburg  216 

Canton 369 

Cardington 288 

Carey  204 

Carroll 388 

Celin  a 269 

Chicago  Junction 860 

Cincinnati 300 

Circleville 292 

Cleveland 480 

Clinton 859 

Clyde : 214 

Columbus 281 

Columbus  Grove 242 

Conneaut  422 

Cortland 331 

Coshocton 868 


I  Deep  wells— Continued.  pagb 

I  Coventry 857 

Covington 274 

I  Crestline 864 

1  CridersvUle 268 

1  Dayton 286 

I  Defiance i. .  261 

DeGraff 268 

Delaware 270 

Delphos...„ 240 

Delta. 246 

Deahler  263 

Deweyville 219 

Dresden 876 

Dry  Run 322 

Duchouquet  township 268 

Dunkirk 223 

Eaglesport 889 

East  Liverpool 886 

Baton 284 

Elmore 211 

Elyria 847 

Felicity 301 

Findlay 109 

Forest 228 

Fort  Recovery.... 268 

Fostoria 192 

Fountain  Park 270 

Fremont — 

Gallipolis  898 

Geneva 426 

Genoa 213 

Gibsonburg 214 

Grafton  332 

Green  Springs 214 

Greenville 271 

Goe's  Station 290 

Hamilton 292 

Hammansbnrg i 237 

Haskins 224 

Henry  township 236 

Hicksville 261 

Hillsboro 297 

Houcktown 149 

Huntsville 268 

Independence 431 

Ironton 896 

Jackson  C.  H 394 

Jamestown : 291 

Jerry  City 288 

Jov,  P.  0 890 

Kalida 243 

Kenton 220 

Kimbolton 880 

Kingsville 428 

La  Carne 218 

Lancaster 882 

Lafayette 219 

Lebanon 296 

Leipsic 212 

Lima 166 

Lindsey 218 

Logan 891 

London  280 

Lorain 438 

McComb 219 

McCuneville 388 

Maoksburg 821 

Magnetic  Springs 269 

Malta  889 

Mansfield  866 

Marietta 399 

Marion 201 
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Martin's  Ferry. 405 

MarysvUle 269 

MassiUon 861 

Mecca 831 

Mechanicaburg 270 

Medina 860 

Miamisburg 288 

Mlddletown 2»6. 

Milan 846 

Milford  Center 270 

Millersbarg 868 

Minster  257 

Monroeville 439 

Moandsville 837 

Mt.  Blanchard 218 

Mt.  Cory 217 

Mt.  Vernon 3«7 

Murray's  Mills 386 

Napoleon  252 

Nelsonville 898 

Nevada 203 

Newark 371 

New  Bremen 257 

Newburgh 852 

New  Cariisle 280 

New  Lisbon 404 

New  London 440 

New  Madison 273 

New  Paris 284 

New  Vienna 297 

Niles 401 

Northampton 280 

North  Baltimore 228 

Norwalk 441 

Oak  Harbor 210 

Oberlin 349 

Osborn 290 

Ottawa 241 

Oxford.  294 

Painesville 427 

Patterson 221 

Pemberville 208 

Perrysburgh 225 

Piqua 273 

Plymouth 351 

Point  Place 209 

Pomeroy 396 

Portage 164 

Port  Clinton 212 

Portsmouth  395 

Prospect 270 

Quaker  City 381 

Kawson 217 

Ripley 801 

Rising  Sun 208 

Riverside  Station 431 

Rock  Creek 426 

Rocky  Ford 232 

Rocky  River 431 

Sabina 297 

St.  Henry 259 

St.  Mary's 265 

St.  Paris 277 

Salem 403 

Sandusky 194 

Sciotoville 395 

Sheffield 437 

Shelby 865 

Sidney 264 

Smith's  Ferry 833 

South  Toledo 225 

Spenoerville 258 


22, 

ISC 

_^. 27* 

.11 M 
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Deep  wells— Continued*  pagi 

Springfield -  2:^ 

Spring  Valley — a-i 

StenbenviUe ^ 33^ 

Sunbnry  » , 

Sylvania 

Tiffin 

Tippecanoe  City 

Toledo 

Troy : 

Union  City.. 

Uniopolis 

Upper  Sandusky 

Urbana. 

Vanlue 

Van  Wert  

Vinton  township.. .—  5^ 

Waldo 2n 

Wapakoneta 254 

Washington  C.  H.. 2^1 

Waterville 22?i 

Wauseon 2^ 

Wellington 3+* 

WellsvUle 336 

Westerville  2SS 

West  Hamilton 2&4 

Westminster 23) 

West  Newton 2» 

Weston 224 

Whartonsburg 208 

Wilmington 2» 

Willoughby 4S^ 

WoodviUe 213 

Wooster 3<B 

Xenia 290 

Youngstown 408 

Zanesvilie.. -  373 

Defiance 2SI 

DeFord,S.F  ~  241 

De  Graff 268 

Delaware 279 

Delaware  limestone ^.^21,  762 

Delphos 2» 

Delta 244 

Deshler 253 

Deweyville 219 

Dip  of  coal  seams 604, 606 

Dip  of  strata 55,356 

Distillation  theory  of  oil  production,  69, 

[71-73 
Dolomitic  limes  in  Ohio.    (See  mag- 
nesian  limes.) 

Dresden 376 

Drift  beds,  reservoirs  of  gas 774 

sources  of  gas 849,772 

vegetable  matter  contained  in 776 

Drift  beds  of  Ohio,  chapter  on 772 

table  of  thickness 775 

Drift  beds,  excessive  thickness  .........  277 

Drilling  of  oil  wells,  chapter  oo.. 478 

American  system 1-2 

Drillings  from  deep  wells,  analysis  of— 

Arcadia 108,  148,218 

Bowling  Green 6,  lOS,  168-9, 171 

Bryan 171-250 

Cincinnati 6,299 

Cleveland,  deep  well 354 

Columbus 282 

Dayton 287-288 

Findlay 6, 102,  116 

Fostorfa ..104,  193 

Fremont 103, 186 

Hamilton 6,  lOS 


IHDEZ. 
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Brlllings  from  deep  wells— Continued— 

Hillsborough 108 

Htintsvllle 104,268 

Kenton,  McElree  well,  No  1 222 

Kokomo,  Ind 102 

Lancaster 384 

Lima 6, 102, 171 

•"        Newburgh 864 

New  Madison 278 

New  Vienna 108, 297 

Oeborn 108 

Piqua 108 

Plymouth 802 

Pt.  Pleasant 6 

Prospect 271 

St.  Henry's 104,  262 

Sidney 104-266 

Soringfleld 108,  278,  279 

Union  City 272 

Dun,  Dr.W.  A 300 

Dunkirk ^  228 

E 

Baglesport 889 

Barseman,  W.  A 91 

Bast  Liverpool- 322 

Baton Z 108,284 

Eckels,  Charles Ill,  114 

Elevations  above  sea  in  Ohio,  table ...  769 

Elliott,  J.  W 227 

Elmore 211 

Blyria 347 

Erie,  Pa .422 

Erie  shale 24,26 

JB/uri/pfema  in  Ohio  17 

Evans,  John,  quarries  of 766 

E wing  limestone 632,646 


Faija,  on  testing  cements 693 

fViult  in  coal  bid 617 

Faults  in  Oliio  rooks 69 

Kederal  Creek  Coal  Field,  chapter  on  627 

Federai  Creek  Coal  Field 627,  636,  648 

analyses  of  coal 648,  650-662 

structure  of  coal  seam 648,  662 

Felicity 801 

Findlay 109 

growth  of 141 

Findlay  break 788 

Findlay  break  or  monocline 19, 147 

direction 147 

extension 226 

Findlay  gas  in  manufactures 142 

prices 189 

utilization 139 

waste  ' 138 

Findlay  gas-field— 

area  and  boundaries 148 

discovery 109, 117 

duration 165 

geology 119, 183 

structural  irregularities 96, 133 

topography  119 

Findlay  gas-wells— 

depths  of 182 

lists  of  182, 146 

production 133, 149 

purchased  by  town 189 

records 121 

58*      G. 


Findlay  gas-wells— Continued- 
rock  pressure,  open 149 

"  "         closed  122-*,  148 

"  "         loss  of 127 

Adams  well 122 

Altman  well 128 

Ballard  well 148 

Barndwell 125 

Briggswell 128 

Cory  well   180 

Jones  well 181 

Karg  well 129 

Kirk  well 127 

Lima  Road  well  124 

Marion  well 121 

North  Findlay  well 126 

McManness  well 130 

Findlay  oil-field- 

area  of 161 

development 162 

discovery ..122,  126 

duration  165 

production 161 

records 158 

Findlay  pipe-line IM 

Firedamp 621 

Fire  damp  in  drift 778 

Ford,  S.  A.,  analysis  of  gas 136,  408 

Forest  bed  in  drift « 44 

Forest 223 

Fort  Recovery 263 

Fostoria 104,192 

Fountain  Park 270 

Frankland,  P.  F.,  illuminating  prop- 
erties of  gas 533 

Fredericktown,  anticline 385 

Fredonia,  N.  Y 409,  413,  421 

Fremont 183 

gas  wells 12,183 

geology 184 

manufactures 19S 

shallow  wells 187 

structure 186 

Puel  gas,  manufacture  of 662 

Fuel  Gas  Co.  of  Pittsburgh 618 


Galena  limestone 7 

in  Wisconsin 101 

analysis  of 102 

composition  of 103 

Gallipolis  898 

Gas,  accumulation  of 326 

analysis  of 136,  409 

rock  pressure  of 96 

transportation  of 616 

Gas  in  drift 63,  773 

Gas  pipes,  leakage  in 518 

Gas  wells.    (See  deep  wells). 

Gas  wells,  list  of.    (See  deep  wells). 

Gas  wells,  supplemental  report  <»n 783 

exhaustion  of 340 

measurement  of 648 

methods  of  measuring 640-564 

production  of,  through  different 

pipes 149 

rate  of  increase  of  pressure 161 

tables  of  measurement 661-670 

velocity  of  flow 98 

Genesee  slate 26 

Geneva 426 
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Genoa 218 

analysis  of  limestone 734 

lime  production 782 

Geological  scale  of  Ohio 1-2 

Geological  structure  of  Ohio 45 

Gibsonburgb 214-786 

Gilbert,  G.  K 19 

Gillmore,  Q.  A.,  on  cements 674 

on  limes 710 

Glacial  drift 44r-772 

Glacial  markings  754 

Glass  manufacture  at  Bowling  Green  164 

at  Findlay 142 

atPostoria 194 

Godsend  gas  wells 234 

Grafton,  oll-fleld  of 332 

Grand  Rapids  sandstone 20 

Green  Springs 214 

Greenville 271-800 

Natural  Gas  CJo 787 

Gneipb  beds  of  Niagara 15, 17 

as  a  source  of  lime 712 

Guernsey  county,  coal  seams  of 628 

Londonderry  township 625 

Millwood  township 628 

Oxford  township 624 

Richland  township 625 

Spencer  township 625 

Gypsum  in  New  York-horizon  of 697 

in  Ohio 16,  16,  195,  696 

chapter  on  696 

analysis 699 

horizons 696 

origin 699 

production 701 

uses  700 


Hall,  Prof.  James 16 

Hammansburg.. 237 

Hamilton 6,  8,  292 

Hamilton  shale 22 

Hanwck  Oil  A  Gas  Co 229-233 

Hanlon,  W.  B 606 

Harlan,  George  O  188 

Harrison  county,  gas  horizon 407 

Hasklns  224-788 

Hawes 76 

Haye**,  President 189 

Hayes,  R.  B.,  Jr 184 

Heather! ngton's  coal  mine 616 

unalysis  «»f  coal 616 

Hlcksviile 250 

Hill,  Franklin  C,  report  of 712 

Hillsborough 297 

Hillsborough  sandstone 15 

Hoiicktown 149 

HuWMrd,  Prof.  r„  C 138,  408 

Hudson,  J,  H.,  lime  production  of 760 

Hudstm  Rivt»r  gr.»up 8 

ana  of,  in  Ohio 10,  105 

composition,  fossils,  thickness.  ...9-10 

in  New  York 105 

Hunt,  Dr.  T.  S 83, 157 

on  anticlinal  theory 90 

on  origin  of  petroleum 64-70 

Huntsvllle 267 

Huron  shale.    (See  Ohio  shale.) 

Huron  shale,  origin  and  fossils  of 27 


Pia 


Independence —  V 

Iodine  in  Ohio  brines — —  *^ 

Ironton 304,  i* 

Iron  pipes  for  gas  transportation §:' 

defects  of. —  '■'.• 

weights  of — ..-.  i-" 

Iron  working  by  natural  gas ^~~.  l^ 


Jackson  C.  H —.  S* 

James,  Prof.  Jos.  F --  za 

Jamestown 2^: 

Janney,  Prof.  Reynold 2I* 

Jefferson  county,  ccai  seams  of   .. 5>* 

Cross  Creek  township --  oT 

Island  Creek  township ^' 

Knox  township ~.  5^ 

Mt.  Pleasant  township *..-  <^:: 

Ross  township . —  3^^ 

Salem  township ^  ....^  5> 

Smithfield  township 6i<(' 

Springfield  township ^. —  5f^ 

Steuben ville  township  ~ ■.....—  l" 

Warren  township 6»3 

Wayne  township.. 5S7 

Wells  township —   tf*^ 

Jerry  City ^...  iw 

Jones,  Dr.  Charles ^.^ Z7 

Joy -  3W 


Kalida S4S 

Kanawha  Valley 2 

Karg  well t* 

influence  of 129 

measurement 130 

production 12^ 

Kelley's  Island — 

fi^eolosioal  section  of 790 

glacial  markings 730 

quarries 7bi 

ripple  marks -  75S 

Kenton -  SO 

Kentucky,  petroleum  of 65 

Kidd  Coal  Mine 6ft» 

analysis  of  coal 6usi 

Kimbolton S&i 

Kingsville 42S 

Kokomo,  Ind.,  gas-rock  of 1U2 

Kunzand  Johnson,  lime  production  of  737 


LaCarne 21* 

Lafayette 21* 

Lancaster,  gas  of 12,  372,  382 

horizon  of  gas .^ 

production  of  wells - di^ 

geological  structure 38? 

Landplaster  in  Ohio,  chapter  on  696 

Latimer,  Charles -  353 

Lebanon    2% 

Lebanon  beds 10 

Leidy,  Prof.  Joseph 7d 

on  affinity  of  clay  for  oil «...    78 

Leipsic 242 

Leperditia  in  Ohio 17 

Leptoholus  insignia  in  Ohio .8,  115,  157 

Lesley,  Dr.  J.  P 65,  82,  89,  99.  137 
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Lievels  above  tide  In  Ohio,  table  of 769 

Lima 165 

Lima  oil 180,  800 

analysis  of 791 

Lii ma  oil  field    165 

area 169 

capacity 180 

development 168,  176 

discovery  166 

geolojfy 169,  173 

records  of  wells 181 

relations  of  wells  to  sea  level 180 

topography 168 

Liima  Pipe  Line 78 

Liioie  burning  by  natural  gas  144,  738, 

[742,  748 

at  Bowling  Green 144 

at  Plndlay 144 

at  Fostoria 194 

at  Fremont 192 

at  Portage 164 

Liime  kilns,  construction  of 718 

varieties  of 713 

Liime  production  in  Ohio,  chapter  on..  708 

divisions  708,  712 

manufacture  of 712,713,  716 

horizons  of „  703 

Clinton  limestone 704 

Coal  Measures T07 

Co rn if erouR  limestone 707,  746 

Drift  gravels 708 

Guelph  limestone 705,  712 

Hudson  River  group 704 

Lower  Helderberg  limestone..  706 

Niagara  limestone 706  712 

Sub  Carboniferous  limestone..  707 
centers  of — 

in  Allen  ocunty ^44 

in  Clarke  county 714 

in  Darke  county 726 

in  Delaware  county 764 

in  Erie  f»ounty 745 

in  Franklin  county 762 

in  Greene  county  719 

in  Hancock  county 743 

in.Highland  county...., 729 

in  Marion  tounty 765 

in  Miami  county 722 

in  Montiromeiy  county 721 

in  Ottawa  county 731 

in  Preble  county 724 

in  Sandusky  county 737 

in  Seneca  county 738 

in  Shelby  county 726 

in  Wood  county 739 

in  Wyandot  county 744 

at  Brown's  Station 727 

at  BowlingGreen 740 

at  Brant 723 

at  Carey  744 

atCedarville 719 

at  Clay  Center 736 

at  Columbus 762 

at  Covington   728 

at  Delhi  766 

atFindlav 748 

at  Fostoria 739 

at  Fremont 787 

at  Genoa 782 

at  Greenfield 729 

at  Greenville 727 

at  Kelley'a  Island 762 


PAG? 

Lime  produotion^oenters  of— Contin'd— 

at  Lewisburg 726 

at  Limestone  Station 786 

at  Lima 744 

at  Luckey  Station 741 

at  Marion 766 

at  New  Paris 724 

atOsborn 728 

at  Owen's  Station   768 

atPiqua 729 

at  Radnor 766 

at  Rocky  Ridge 786 

.    atHisingSuu  740 

at  Sandusky 746 

at  Springfield 716 

at  Yellow  Springs 720 

at  Wilson's 721 

at  Woodville 787 

summary  of  facts 770 

Limestones  of  Ohio- 
analyses 716,  784  to  744,  746,  747, 748, 

[763,  768.  765,  766,  758,  761,  763,  764, 
[767,  7i9 
Limestones  of  Pomeroy  coal  field^627,  629 
Limestones — 

reservoirs  of  oil  and  gas 86 

permeability  of 88 

sources  of  oil  and  gas 64,    70 

Limestone  oil 71 

analysis  of... 71,  810 

Lindsey 218-788 

Linney,  W.  M 5,7,  102 

Logan 891 

Logan  conglomerate,  a  source  of  oil...    88 

Logan  group 87 

thickness  of 89 

Logan  sandstone,  a  gas  rock 343 

London 280 

Long  Run  coal  field 646 

Loomis  A  Nynian,  gas  weUs  of 199,  786 

Lorain 488 

Lord,  Prof.  N.  W 671 

Louisville  cement •. 672-692 

Lovejoy,  Ellis,  chapter  by 627 

Lower  Barren  Coal  Measures 631 

Lower  Coal  Measures .*..    48 

Lower  Helderberg  limestone 16 

a  source  of  lime 712,  729  to  745,  781 

composition  of 16,    17 

conglomerate  and  breccia  in 16 

equivalents  of 16 

fossils  of 17 

Low  pressure  gas 408,  416 


MoOomb   218 

McCuneville 888 

McMillin,  £merson,  chapter  by 616 

"  123,419 

Macksburg  coal 628 

Macksburg  oil ^ 610 

analysis  of 789 

Macksburg  oil  field,  chapter  on 448 

»*  »t  05   325  489 

conditions  of  driliing !..491-607 

discovery 327-^6 

gas 467-606 
orizons  of  gas 446 

production  of 509 

relative  position  of  gas  and  oil 468 

structure 94,  327 

wells 606-609 
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Maoksburff  oil  field— Con  tinned— 

reflneries  : 468 

Macksburg  oil  sand 896 

MackBburg  pipe  lines 462 

Magnesian   nmestones  of  Ohio,   de- 
scription of 706,  710,  711 

analysis,  Clarke  county 716 

Greene  county 719 

Northern  Ohio 781 

puriiy  of 706,  781 

Magnetic  Springs 269 

Malta 389 

Mansfield .,.  366 

Marblebead,  lime  production 766 

geological  section  746 

quarries 700 

Marietta,  record  of  deep  drilling  ...898-899 

Marion 201 

Marsh  <fe  Co   696 

Martin's  Ferry 405-406 

Martin,  W.  M  ...  .124, 125,  126, 130, 131, 218, 

[231,  846 

Marysville 269 

Massillon 360 

Maury,  M.  P 2 

Mazville  limestone  42 

Maynard  Coal  Mine 608 

analysis  of  coal 608 

Mecbanicshurg 270 

Meadville  limestone 41 

Measurement  of  gas  wells,  cliapter  on  548 

"  "  418 

♦*  pipe  lines 620,  679 

Mecca,  oil  field  of 321,  328,  401 

character  of  oil  71,  330 

deep  wells 331 

mining  for  oil 380 

production 329 

structure 381 

Medina .360 

Medina  sandstone 105 

Medina  shale II,  105, 116 

color  of 11 

identification  in  Ohio 11 

pebbles  in 11 

Meigs  Creek  coal  seam 612,  622,  627, 

[636,637 

Mendeljeff,  on  origin  of  petroleum 61 

Mercer  county  gaH  field 788 

Mercer  county  gas  wells 269 

Miamisburg 288 

Middletown 8,  294 

Mil  ford  Center  270 

MillerHliurg 367 

Miller.  8.  A 6,  6 

Milan 346 

Minshall,  F.  W 90,    96 

"  "      chapter  by 443 

Monclova  sandstone 20 

Mt.  Blanchard 218 

Mt.  Cory 216 

Mt.  Vernon 366 

Monroeville 489 

Morgan  county,  coal  seams  of. 648 

Morrow,  Josiah  296 

Moses,  Prof.  T.  F 276 

N 

Napoleon 262 

Natural  gas— 

fKxsumulation 60 
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Natural  gas —Continued—  ,,   ., 

analysis 137,  40d,  41^  y 

character  of • 1** 

illuminative  properties — — —  ^f- 

in  pipelines - -  -^ 

in  Pittsburgh f" 

measurements -  -'- 

origin  of — — ^ 

rates  for,  Bowling  Green,  1^2; 
Carey,  207;  Pindlay,  J40;  Fre- 
mont, 190. 

transportation,  chapter  on  .• — • V.r 

tables — -—  «-"• 

uses ..— ^*^ 

value,  comparative •"-' 

waste  of -   — 3    ' 

Neff,  Peter.. 34»' 

Nbff  gas  WSLL8,  history -—^ 

utilization. 3*: 

Nelsonville ^*' 

Nevada — —  — .   ^V- 

Newark „ 12,  S7<K  371 

Newberry,  Prof.  J.  S 11, 16,  XT,  22,  2A 

[26,  26,  27,  29,  81,  34,  37,  46, 5#,  75,  J«»^. 
[196,   4JP.   77J 

on  anticlinal  theory ^ 

on  origin  of  petroleum 67— 70«  73 

a       *'     of  gypsum „ &f 

Newburg,  deep  well ~ 3S1 

gas  found 3^ 

record y^' 

New  Carlisle i*H> 

Newell.  F.  H.,  chapter  by 476 

New  Lisbon..... 404 

New  London Z49'4i*J 

New  Madison  273 

New  Paris 2S4 

New  Vienna 296 

Niagara  limestone— 

a  source  of  lime 712,  716 

a  source  of  petroleum 65,     75 

asphaltic  films 75 

analysis  of 116,  706,  716  to  73f» 

building  stone 13 

fossils 13,  735 

local  names 13 

thickness ? 14 

Niagara  sbale \Z 

Niles ^  401 

Nitro-glycerine,  manufacture  of...501-S02 
Norris  <fc  Christian's  lime  production.,  lift 

Northampton 280 

North  Baltimore 227 

Northwestern  Ohio  Gas  Co....l89, 194,  232 

rates  of ISO 

Norwalk 440 

Nye,  B.T 399 

0 

Oak  Harbor 210 

gas  field  211 

Oesterlin,  Dr.  Charles Ill,  119 

Ohio  shale,  a  source  of  gas  and  oil  .409-413 

areas  of 409 

composition 82 

colors ~ 27 

divisions 25-26 

fossils 28 

microscopic  fossils 28-29 

organic  matter 79 

origin 79 

thickness,..,..,,   ,,.,....^.... „.  412 


hmix. 


82d 


PAOB 

Oblemaoher  A  Co.— 

lime  production 768 

quarries 758 

Oil  Oeek,  Pa 84 

drilling  began 86 

sequence  of  strata 86 

Oil -fields,  extensions  of 446 

Flndlay 160 

Lima 166 

Orafton 332 

Mecca 828 

Maoksbarg 448 

Oil  sands 326 

Oil  sands,  of  Venango  county,  Pa.... 66,  81 

of  Macksburg 636 

of  Federal  Creek 636 

of  Pennsylvania 27 

Obio  oil  series,  elements  of...^ 88 

limestones 86 

sandstones 84 

shales 86,  86 

Oil-tanks 610 

Oii-transportation 614 

Oil  wells.    (See  deep  wells). 

chapter  on 476 

drilling 476,  478,  483  to  4»8 

casing  for 408 

cost 482 

paraffin  in 606 

requiring  pamping 607 

torpedoing  498,  499,  600,  601 

tubing  and  packing 502 

value  of 610 

Olentangy  shale 22 

Onondaga  salt  group  17 

Open  pressure  of  gas  wells 96 

cause  of  , 97 

measurement  by  means  of 97 

Organic  origin  of  petroleum 63 

theories  of 62,   82 

Oriskany  sandstone 19 

Osbom 290 

Ottawa 241 

Owen  &  Son — 

quarries  of 968 

Oxford 294 


Packing  of  oil  wells  2 

Painesville 427 

gas  wells 427 

Patriotcoal 634 

Peekbam,  S.P 60 

on  origin  of  petroleum 68-72 

report  of 2,  70.  71,  471 

on  Califomia  petroleum 71 

Pemberville 208 

Pennsylvania  gas,  analysis  of 135,  409 

Perrysburg ; 226-788 

Petroleum- 
accumulation  of 60,  83 

amount  of,  in  Waterlime 83 

analysis  of 791-810 

Gahfornia 66,  71 

Canada 64,  70 

day,  in  accumulation  of 78 

discovery  of,  in  Ohio 443 

distribution 3-83 

in  peat 63 

in  coal 621 

limestones  as  reservoirQ  ....-'..U,  70,  86 
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Petroleu  m—Con  tinned— 

nitrogen  in «.    71 

origin  of 1-60 

origin  and  accumulation  of,  chap- 
ter on 60 

from  distillation   66 

indigenous 63-64 

Hunt's  theory 64 

Newberry's  theory 73 

Peckbam's  theory 72 

transportation 614 

sandstones  as  reservoirs 84 

sulphur  in 71 

sources  of 70 

shales  as  sources ^ 413 

Phillips,  Prcf.  F.  0 408 

Phinney,  Dr.  A.  J 51 

Plney  Fork  Coal  Field 600 

Pipe  lines- 
Lima 789 

St.  Mary's 788 

Pipe  lines  for  gas 286 

Piping  of  gas 617-679 

tables  for  measurement... 520,  548,  579, 

[581,  586 

Piqua 273 

Pilot's  tube..... 649 

experiments  with 65^-660,  663 

Pittsburgh  coal  in  eastern  Ohio- 
analysis  of 699,  607,  608,  609,  612, 

[616,  617,  622,  626,  687-8-9,  64^-3-4, 
[647-661-2 
Pittsburgh  Coal  Seam    in  Southern 
Ohio.    (See  Pomeroy  and  Federal 
Creek  Coals). 
PiTTSBUBGH  CoAL  Sbam  in   Eastcm 
Ohio- 
chapter  on 695 

areas 600 

structure 698 

in  Belmont  county 606 

in  Guernsey  county 628 

in  Jefferson  county 696 

Pittsburgh  limestone 632 

Plymouth 302,  361 

Pt.  Marblehead,  quarries 756 

Pt.  Pleasant 6 

quarries  of 6 

Pomeroy  396 

record  of  deep  well 397 

Pomeroy  coal  field,  chapter  on 627 

areas  of 636 

limestones 627 

structure 627 

Pomeroy  coal  seam 686 

analyses  of 7-8-9,  642^3-4,  647,  661-2 

Portage  group 27 

fossils  of 29 

Portage  township  (Wood  Co.) 161 

gas  wells  of 161-4 

capacity  of  wells 166 

Port  Clinton 212 

Portland  cement — 

analyses  of 686 

formulas  of 686 

manufacture,  Columbus...680,  691,  694 

manufacture.  South  Bend,  Ind 695 

tests  of 686 

Portsmouth 396 

Producer  gas 648 

Prospect 270 

Pyrites  in  cof^.,, ^ ...v..  OSft 
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Quaker  City 881 

Quaker  City  coal 628 

B 

Rake  well,  near  Marietta,  log  of 400 

Rainey*Bcoal  mine 607 

analyses  of  cohI 607 

Rawson  216 

Read,  M.  C 39,  41,  341 

Reed,  Henry,  on  cements 681 

BMzocarpa  31 

RjP^ey 301 

Ripple  marked  limestone 768 

Rining  Sun 208 

Robinson,  Prof.  8.  W 130 

chapter  by 648 

Rock  drilling,  history  of 2 

Rook  oils  of  Ohio,  Newberry's  paper..  67 
Rockport  township  (Cuyahoga  Co)....  432 

Rock-pressure  of  gas,  definition 96-99 

measurement...    96 

origin , 98 

Rock  salt,  in  Newburgh  well 352-699 

Rocky  Ford  of  Portage  River 232 

Rooky  River 431 

gas  wells  of 420 

Roesling,  F.  A  Co.,  quarries  of 756 

Rogers.  Dr.  J.  A 221 

Root,  W.  J,  chapter  by 653 

Rosendale  cmnent 672-692 

Ruffner  Brothers  2 
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St,  Henry's 260 

gas  field 787 

St.  Mary's 254 

St.  Paris 276 

St.  Peter's  sandstone 7,  279-299 

Salem  « 403 

Salem  group  in  Ohio 15 

Salt  in  deep  well  of  Cleveland  Rolling 

Mill  Co 7,  362 

Salt  manufacture  in  Ohio- 
chapter  on 653 

analysis  of  brine  and  bitter  water  662 

condition  of 669 

history  of 668 

process  of 664 

statistics 663 

strength  of  brines 656-660 

in  Columbiana  county 654 

in  Ouernsey  county 654 

in  Michigan 659 

in  Meigscounty 657 

in  Morgan  county 655 

in  Muskingum  county 659 

in  Tuscarawas  county 656 

Salt  water  in  Trenton  limestone 157 

Salt  wells  of  Muskingum  Valley 376 

ScUvinia 31 

Sandstones,  as  reservoirs 84 

permeability  of 87 

Sandusky 194 

lime  production 757-9 

Sciotoville 395 

Sea-level,  elevations  above,  in  Ohio...  769 

Shade  Creek  coal  field 636-642 

analysis  of  coal 644 


Shales,  office  of,  in  gas  and  oil  prt>- 

duotion  S5,  ^^ 

Shale  formation  (Ohio)— 

organic  matter - -«  ^ 

section  of Si- 
thickness  of «^  ,V: 

Shalk  gas,  chapter  on —  4h 

areas  of,  in  Ohio 4i 

character  of 41. 

composition  of  4G9-AU 

history  of  use 421-4r 

persistency  of  _  4H 

pressure  of 415 

production  of  4::. 

records  of  wells 43 

sources  of,  in  Northern  Ohio  .....  -  ^' 

uses  of ^ 4i: 

Shale  gas  at  Elyria ^ 

Erie,  Pa 4*: 

Ft.  Recovery 23 

Miamisburg ,  2« 

Middletown  ^..  2&4 

Osborn 2?' 

in  Ashtabula  county „  ^2. 

Central  Ohio /._  447 

Cuyaho^H  county 42^ 

Huron  county «  346 

Lake  county «  427 

Lorain  county 43fc 

Southern  Ohio ^  441 

Shaler,  Prof.N.  S ..24-75 

Sheffield ^ 

Shelby  3^ 

Sidney  2W 

Simons'  Well,  Bloom  township 2» 

Smith's  Perry,  oil  of S^S 

South  Kingsville 433 

South  Toledo _  20^ 

Spontaneous  distillation,  a  source  of 

oil 68 

Sporangiiea n 

i^orar^Ues  ffuronensis ^30,  424 

Spores  in  shales 7? 

Springfield „  2?? 

Spring  Valley 291 

Standard  Oil  Co 789,  790 

State  House  Well 107-2§^I 

State  Quarries 21-763 

analysis  of  limestone 76M 

Stevenson.  Prof.  J.  J 56 

Stoddard.  Prof.  O.  N 361 

Structure,  geological — 

as  related  to  gas  production,  89, 809, 419 
Structural   disturbance  in  Northern 

Ohio 96 

Stuartaviile 144 

Sub-carboniferous  limestone 42 

Sulphur  in  Findlay  gas 186,  1J7 

Lima  oil 791 

"Sulphur  vein"  of  gas..... 128 

Sunbury  288 

Surface  indications  of  gas  and  oil 414 

Sylvania ^5 

Sylvania  sandstone 1^-352 


Terra  alba,  from  gypsum 698,  701 

Terrace  structure ^ 

Thomas,  B.  W 30 

Tiffin 197,  784 

gas  field 786 
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Tiffin  NAt,  Gas  Company,  rates  of 190 

TIppeoanoe  City 274 

Toledo 208 

Torpedoes  in  oil  wells 2 

Trap  rocks  in  Kentucky 59 

Treuton  Falls 4 

Trenton  Limbstonk,  analyses  of  .103, 105 

in  general  geological  scale 4 

Canada 72,  105 

Illinois 101 

Indiana 51,52-106 

Kentucky 6-7, 102,  106 

Manitoulin  Islands 106 

Micbiean 103 

New  Jersey  and  New  York.... 4, 106 

Ohio 5,  6, 102, 106 

Wisconsin 101 

outcrops  of 4, 106 

soils  of 4 

thickness  and  divisions  of 101 

Trbnton  Limkstonb  as  a  source  of 

oil  and  gas  in  Ohio,  chapter  on 101 

Trbnton  IjIMustomb  in  Ohio- 
analyses  of 6,  104, 105,  116,  148,  169, 

[171,  186,  193,  218,  222,  250,  262,  266, 
[268.  271-2-3,  27-8-9,  288,  297,  303 

an  oil  and  gas  rock 76,  101,  106 

composition  of  gas- 186-7 

•»  oil 791 

Conditions  of  production 308-9 

elevation  above  sea  level 47-146, 181 

influence  of,  on  gas  and  oil 

production «148,  180 

outcrop  of,  at  Pt.  Pleasant 5 

productiveness  of,  in  gas 101, 133 

"  in  oil 180,238 

dependent  on  chemical  compo- 
sition   308 

dependent  on  structure..l46, 181,  309 

summary  of  recent  discoveries....  306 

Trentx>n  Limestone  oil,  analysis  of. ...  789 

character  and  ustes 789-792 

Trenton  Rock  Oil  Company 176,  215 

Triartltrua  Beckii 8 

Trombley 12 

Troy 274 

Tymochtee  sliale   18-253^51 


Upper  Coal  Measures,  section  of 628 

Upper  Freeport  coal 635 

Upper  Helderberg  limestone.. ..20,  746-762 

composition  of 746 

equivalents  of  763-746 

divisions  of 746 

fossils  of 22 

replaced  by  chert 21 

sections  of 746  to  768 

thickness  of 746 

Upper  SandusKy  202 

Urbana 274 

UticR  shale 7 

analyses  of 158-279 

discovery  of,  in  Ohio 8 

fossils  of 8,  9,  115 

Uthology  of 7,  105,  115 

persistency  of 7 

thickness  of 8 
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Van  Buren 97 

Yanlue 219 

Van  Nostrand'sEngin.  Magazine,  551,  582 

Van  V7ert 289 

Venango  oil  sands 82-84-85 

Vinton  township,  Vinton  Co 894 


Wade,  J.  H.,  gas  wells  of 25,  429 

Wall,  G.  P.,  on  Trinidad  asphalt 76 

Walcott,  C.  D.,  on  Galena  limestone...  102 

Wapakoneta  254 

Warren  flagstone 821 

Warren  oil  sands 86 

Warner,  Gen'l  A.  J 90 

Washington  C.  H 291 

Waste  of  gas 138,  155 

Water  gas 642 

Waterlime.  (See  Lower  Helderberg)14, 114 

a  source  of  petroleum 75-88 

asphalt  in 75 

Waterville 225-788 

Wauseon 246 

Waverly  group 83 

Welch,  G.  W 886,  784 

Wellington 348 

Wellsburg  eas  field 339 

exhaustion  of 340 

structure  of 95 

Westerville 288 

Westminster 219 

West  Newton 219 

Weston 228 

Whartonsburg 202 

Wheeling  Creek  Coal  Mines.... 606 

White,  Prof.  I.  C 38, 40,  55,  82,  89,  835 

on  anticlinal  theory 92-98 

on  indigenous  origin  of  petroleum    65 

Whitney,  Prof.  J.  D 66 

on  origin  of  California  petrr»leum    66 

Williams,  Prof.  S.  G 16 

on  horizon  of   gypsum  in  New 
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